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ABSTRACT 


This work addresses the design and analysis of the discrete longitudinal 
autopilot for application to the bank-to-turn (BTT) missiles. 

In the development the classical design and analysis were reviewed 
using the continuous uncoupled pitch channel autopilot for circular airframe. 
Then,applying analog-to-digital conversion, the corresponding discrete 
autopilot was designed. The performance of both continuous and discrete 
open loop systems was analyzed according to the desired requirements. 

In the following section, utilizing modern control design techniques for 
the discrete pitch channel autopilot, the control law was designed, 
assuming availability of all the states and taking the desired poles to be at 
the same place as in the classical design. Therefore the discrete state- 
feedback autopilot was obtained and analyzed. The next step was the design 
of an estimator which estimates the entire state vector, given 
measurements of the portion of the state. The performance of the estimator 
was analyzed too. 

Finally coupling the discrete pitch and roll channel autopilots the 
overall performance of the discrete system was obtained and analyzed. The 
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TABLES OF SYMBOLS AND ABBREVIATIONS 


Bank-to-Turn 

Coordinated Bank-to-Turm, minimum sideslip, positive a, 
9e « 180 deg. 

rolling moment 1 

pitching moment coefficient 

slope of curve of pitching moment coefficient C, vs a 
change in Cm per degree pitch control incidence, $, 
normal force coefficient 

slope of curve of normal force coefficient Cy vs a 
change in Cy per degree pitch control incidence, dp 
side force coefficient 

reference length for coefficients (= 2 ft) 

moment of inertia about ug axis 

moment of inertia about zg axis 

moment of inertia about Xg axis 

autopilot pitch acceleration error gain 

CBTT autopilot coordination branch gain 

roll rate about Хр 

roll acceleration about x, 

preferred orientation control 

dynamic pressure 

pitch rate about Uz 


pitch angular accelaration about up 


ry 


= 3 


< 
< < € رج اچ اس 


ال 


Nze 


Nye 


constant or equilibrium pitch angular rate 

yaw angular rate about 2g 

yaw angular acceleration about Ze 

reference area for coefficients (=7 ft2) 

Skid-to-Turn, roll attitude stabilized 

velocity component in xp direction 

velocity component in Ug direction, assumed to constant 
constant missile flight path velocity 

missile velocity vector 

velocity component in zp direction 

body-fixed roll axis, along axis of symmetry, positive forward 
body-fixed pitch axis, positive starboard 

body-fixed yaw axis, forms right handed orthogonal system 
with xa and Up 

vehicle axis in downward direction along local gravity 
vector , approximated as inertial axis 

achieved normal acceleration in Ze direction 

commanded normal acceleration in Ze direction 

achieved normal acceleration in ug direction 

achieved normal acceleration in z, direction 

achieved normal acceleration in y, direction 

normal acceleration command from quidance computer in 
2, direction plus anti-gravity bias command 

normal acceleration guidance command in 2 direction 


normal acceleration guidance command in y, direction 


Po 


e o‏ ص 


Pp 


$ 
$ 
OPTSYS 
ORACLS 


roll attitude command from guidance computer, zero degrees 
in -z, direction and 90 degrees in y, direction 

roll attitude, zero degrees in -z, direction and 90 degrees 
in y, direction 

roll attitude error, 9,-9@ 

Elevation Euler Angle, second rotation, {(q cosy-rsing)dt 
Azimuth Euler Angle, first rotation about Uy, f(q cosp+rsinp)dt 
pitch control incidence (positive tail incidence produces 
negative pitching moment) 

commanded pitch control incidence, 8, 

yaw control incidence (positive tail incidence produces 
negative yawing moment) 

commanded yaw control incidence, ôy 

roll control incidence (positive tail incidence produces 
positive rolling moment) 

commanded roll control incidence , dp 

constant or equilibrium angle-of-attack 

angle-of-attack 

angle-of-attack rate 

angle of sideslip 

sideslip angular rate 

Optimal Sustems Control Program 

Optimal Regulator Algorithms for the Control of Linear 


Systems 
plant state = N, X Î or n * Î 


کم 
A‏ 


on — 


X E SE e DG P m‏ مم ہہ 


number of states 

control = Nx lor msi 

number of controls 

continuous plant system matrix 
discrete plant system matrix 
continuous plant control input matrix 
dicrete plant control input matrix 
output measurements 

plant output matrix 

plant direct transmission matrix 
control gain (law) 

estimator gain 


sampling period 
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1. INTRODUCTION 


Missile systems designed to meet the threats of the future will require 
capabilities far beyond of those currently available. Future requirements 
dictate the need for dramatic increases in Short Range Air-to-Air Missile 
(SRAAM) maneuverability and guidance accuracy. Many current missile 
designs, which are characterized by cruciform airframes and skid-to-turn 
(STT) steering, cannot be extended to meet these requirements due to low 
aerodynamic efficiency. Bank-to-turn steering provides the capability to 
design asymmetric missile airframes which optimize aerodynamic 
performance in one plane and thus obtain the SRAAM maneuverability and 
accuracy requirements. Furthermore the ramjet engine chin 1 
configuration is believed to provide a greater range capability than other 
inlet configurations, and BBT control is required to satisfy the sideslip 
constraints imposed by chin inlets. 

In addition, to its potential advantages, BBT steering introduces some 
technical concerns which must be carefully evaluated. For example, the 
methodology for designing a bank-to-turn autopilot is not well developed. 
such a design must take into account the aerodynamic and kinematic 
coupling terms as well as allow for operation a low signal levels (i.e, small 
angle of attack) when the preferred roll orientation is poorly defined. In 
addition, the coupling of body motion into the quidance signals is another 
major concern for BBT systems. Recent analyses have indicated that some 


skid-to-turn (STT) systems can tolerate a limited amount of radome- 
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induced instabilities without severe performance degradation [Ref.1]. In a 
BBT system a coupling loop is closed through roll rate as well as pitch and 
yaw rates [Ref.2]. It is not known whether BBT systems can tolerate 
coupling induced instabilities. Another concern is the interaction of BBT 
control with missile functions such as detection (seeker), guidance signal 
processing control surface effectiveness, etc. 

ATI the above concerns must be investigated before BBT steering can be 
considered a viable method to control high performance tactical missiles. 

Many missile programs were initiated during the past decade to 
improve the capability of steering a tactical missile via BTT control. The 
results have greatly advanced the understanding of the various missile 
subsystems. 

In the autopilot area, specifically, many types of autopilots have Been 
found which force the missile to roll or bank so that the steering maneuver 
occurs with the missile airframe oriented in a specific or preferred 
direction with respect to the incoming airsteam. This entire class of 
autopilots referred to as Preferred Orientation Control (POC) autopilots. 

The main criterion for the selection of one particular type of autopilot 
1s based upon the guidance, airframe, and propulsion system requirements. 
Generally missiles with either one or two planes of symmetry use a POC 
autopilot which forces the missile to bank in order to turn (BTT) like an 
aircraft, and if this motion is coordinated it is usually referred to as 811 

In order to take full advantage of CBTT control, planar airframes have 
been designed to increase lifting capability in one direction without the 


weight and drag penalty associated with orthogonal lifting surfaces [Ref.1]. 
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These airframe have aerodynamic properties which have the potential to 
enhance CBTT control. 

The present work addresses the design and analysis of the discrete 
pitch channel autopilot for application to the bank-to-turn (BTT) missiles, 
with circular airframe configuration. The circular airframe is chosen 
because it is stable for all angles of attack. 

In the development the classical design and analysis of the uncoupled 
pitch channel autopilot as were developed in reference [Ref.3], are reviewed. 
Using state-space representation a tenth order system is formulated and 
the Step Response, Bode and Pole-Zero Map plots are obtained and analyzed 
according to the desired requirements. Then the continuous system is 
converted into the corresponding discrete system using Analog to Digital 
conversion from ORACLS, and analyzed according to the Step-Response,and 
Pole-Zero Map plots obtained. à comparison of the plots of both the 
continuous and discrete systems shows no significant differences. 

Next, utilizing modern control design techniques and assuming that we 
have all the states at our disposal for feedback purposes, the control law is 
designed using the Ackermann’s formula [Ref. 6] and taking the desired poles 
to be at the same place as in the classical case. Using the control law gains. 
the discrete state-feedback autopilot is designed and the Step Response,and 
Pole-Zero Map plots are obtained and analyzed. Then, since we usually know 
only 4 portion of the state variables, an estimator is introduced in order to 
estimate the entire state vector given measurements of that portion. The 
poles of the estimator are moved to the left of the original poles of the 


system in order to get faster response. Plots as above are obtained and an 
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analysis is made. Next the designed discrete pitch channel autopilot is 
coupled with the discrete roll channel autopilot and the whole discrete 
system is analysed and proved to be robust. Finally conclusions and 
recommendations for future study are stated. 

The analysis in all the above cases was performed using the existing at 
NPS Optimal Systems Control Program (OPTSYS) for the continuous system, 
Optimal Regulator Algorithms for the Control of Linear Systems (ORACLS) 
for the discrete system, and Pole Placement and Robustness Design Program 


(POPLAR) for the robustness of the discrete system. 
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|]. CLASSICAL LINEAR DESIGN AND ANALYSIS OF LONGITUDINAL UNCOUPLED 


ANNEL AUTOP 0 AR AIRFRAME 


A. GENERAL 
The initial phase in the design of the CBTT autopilot involved the design 
of individual, uncoupled channels, pitch, yaw, and roll, with prescribed 
relationships between speeds of response which would meet the CBTT 
requirements when coupled. 
The design technique for the uncoupled pitch channel was classical, using 
a combination of Frequency Response and Root Locus techniques [Ref. 2, to 
achieve practical bandwidths and in turn provide the range of required 
missile body angular rates and control motions. In addition, the resulting 
design is found to be robust. 
The whole design was done for a flight condition at M=3.95 and 
Altitude=60 KFT. 
The requirements for the classical design technique, as stated in 
[Ref. 2] are: 
1. High Frequency Attenuation in Actuator Command Branch 
2 15 dB at 100 rad/sec and zero angle-of-attack. This requirement 
limits autopilot speeds of response. 
2. Relative Stability: 
Gain margins 2 6 dB, Phase margins > 30 degrees with a goal of 
12 dB and 50 degrees. 
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3. Acceleration Time Response. 

a. 63 percent time constant of 0.5 seconds for a step command of 
acceleration at the flight condition of interest (M=3.95, Altitude=60 KFT) 
and small angle of attack. This response is representative of a tactical 
missile of this size. 

b. Üvershoot < 10 percent. 

c. Zero steady state error in acceleration to reduce variations of 
guidance navigation gain. 

In this chapter the airframe configuration, the aerodynamic model and 
control law for the pitch channel are reviewed. The transfer functions for 
circular airframe which is stable for all angles of attack [Ref. 2], are 
derived. An analysis for the uncoupled pitch channel, as regards the 
acceleration response, the body angular rate and control surface deflection, 
in terms of time resposnes and pole-zero map plots for both the continuous 
and discrete system and frequency responses for the continuous system, is 
made, using the existing at NPS Optimal Systems Control Program (OPTSYS) 
for the continuous system, and Optimal Regulator Algorithms for the Control 
of Linear Systems (ORACLS) for the discrete system. Finally a comparison of 
the continuous and discrete system by analyzing the above results is made. 


A general block diagram of the BTT autopilot is shown in Figure 2.1. 


B. AIRFRAME CONFIGURATION 
An investigation has been conducted by NASA [Ref.4] to compare the 
experimental aerodynamic characteristics of a low-drag missile concept 


with a body of circular cross section to one with a body of 3:1 elliptical 
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cross section, the bodies having identical cross section area distributions. 
The concepts were of mono-wing design with constant wing span. Tail 
surfaces were located flush at the body base with +30 degrees dihedral. 
wind-tunnel tests were performed at Mach numbers from 0.5 to 4.63 and at 
angles of attack from about -50 to +28 9. 

The comparison shows no significant subsonic normal force differences 
at low angles of attack; however, at supersonic speeds, the elliptical 
concept increasingly provides greater normal force up to Mach 2.5 to 3.0, 
beyond which an incremental increase of about 25 percent holds through the 
angle of attack range. More pronounced nonlinearities in pitching moment 
occur at subsonic speed for the elliptical concept, as well as less 
longitudinal stability at all test Mach numbers. However, levels of 
directional and lateral stability are increased, especially at the higher 
angles of attack. 

This work uses the circular airframe configuration which is shown in 
Figure 2.2 and it is taken from [Ref. 4]. The circular cross sectional body has 
a closure ratio Apase/ Amax Of 0.69 and the Amax Occurs at 68 percent body 


length. 


C. UNCOUPLED LINEAR PITCH CHANNEL AUTOPILOT 
1. Aerodynamic Model 
The following addresses the linear design and analysis of the 


continuous uncoupled pitch channel autopilot for the circular airframe. 
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A linearized aerodynamic model was developed for stability studies. 
The method used is an extension of the linearization technique used for 
skid-to-turn (STT) aerodynamic models. 

The following three assumptions were made: 

a. Plane Xg-Zg of Figure 2.3 is the maneuver plane. 

b. Missile is trimmed in pitch (i.e, M,=0, at fixed values of a, q, and 
öp). 

c. Missile roll rate is constant. 

The resulting model is shown in block diagram form in Figure 2.4. 

Aerodynamic stability derivatives for M=3.95 are provided in Table 1. 

2. Pitch Control Law 

The pitch control law for the circular airframe is shown in Figure 2.5 
as given in [Ref. 2] Lag-leads were used to prevent guidance noise 
Saturation problems. The rate error compensation determines the high 
frequency attenuation and was used to minimize the effect of aerodynamic 
variations on acceleration time response. The acceleration error 
compensation determines the acceleration time response. An integrator was 
used in the acceleration error branch to satisfy the guidance requirement of 
zero steady-state error. 

& normal acceleration command (n,,)} equal to | gee is applied to the 
pitch control law which uses measurements of missile body pitch angular 
rate (q) and pitch normal acceleration (n.) to determine the required 
actuator command (85,7. The actuator is modeled as a first order lag at 


188.4 rad/sec (30 HZ) and is shown in Figure 2.6. 
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3. Transfer Functions of Aerodynamic Model 
Uncoupled pitch aerodynamic transfer functions are 














ES 
—— ф | 
q k(AE-BC) k(AE-BC) 
— - —— — ——— — —— , deg/sec/deg ( 11.C.3-1) 
6, EC s? Aks 
— + + | 
ek e 
B s? 
+ | 
n, AE-BC AE-BC 
— = : q’s/deg )11..3-2( 
$ zü 592 Aks 
— > + | 
E SR 
qs qs (57.3) qSd 
A= Сн, Б = Lg سس = )ا , م‎ Ema 
۷ ۷ E 
(573) 450 1845 
En ə — С,., حا‎ 
lyy ۷ 
Where: 
V-Ma-3.95 x 968.47- 3825.46 ft/sec 
Sz 7j ft? 
dz 2 fi 


q= 1650 548 
lexz 804  slug-ft? 
W= 2925 Ibs 

Cora = “0.06 

9110 8 

Cy, = 0.15 

Cus p = 0.04 
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As referred to in Appendix A and Table 1 


Then 
A -0.30793 
B -0.00211 

= -44. 331062 
E = -59.10883 
k = 0.48229 


And substituting the aforementioned values into equations (11.C.3-1) 


and (11.C.3-2) they become: 


q -1.3361 s - 0.159 
ee M ا‎ 


Öp 22.545 1075 s£ 4 3.3634 x 105 + | 





n, 106.074 x 1073 s? - 18.82 
- ——————————————————— (9's/rad) (П.С.3-4) 
Öp 22.545 x 1073 82 + 3.3634 x 105 + 1 





Equations (11.C.3-3) and (11.C.3-4) are the pitch aerodynamic transfer 
functions for the pitch angular rate (q) about the ve and the achieved 
maneuver acceleration n, in the Zg direction. 

4. Design Approach and Analysis of the Continuous Open Loop Sustem 

A fixed flight condition at 60 KFT altitude and M=3.95 was selected 
for these preliminary performance studies of circular airframe. This flight 
condition provides a sufficiently low dynamic pressure, so that missile 
maneuvers will result in large enough angles-of-attack, to exercise side 
slip control. The above fixed condition was selected, in order to reduce the 


complexities of CBTT autopilots. 
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TABLE | 


Linearized Aerodynamic Derivatives (M=3.95) 





Circular Airframe 


a=0" 8=10º 8=20º 
-0.065 -0.082 -0.111 
-0.025 -0.019 -0.003 
0 -0.009 -0.020 
0.021 0.022 0.028 
-0.050 -0.053 -0.062 
0 -0.016 -0.038 
0 -0.009 -0.022 
0 0.018 0.044 
0.031 0.035 0.044 
0.15 0.17 0.22 
0.04 0.04 0.05 
-0.060 -0.065 -0.118 
-0.080 -0.095 -0.115 


Reference Center of Gravity (C.G) at 0.6 | 
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The analysis of the uncoupled pitch channel autopilot is based, on the 
time responses, and Bode plots of maneuver plane acceleration, body angular 
rates and tail incidence angles, obtained by OPTSYS control program of NPS. 
For that reason the differential equations of the uncoupled pitch channel 
autopilot must be put in state-space form X=FX+GU, which is obtained as 
follows: 

a. Equations of Control Law 


(1) Acceleration Filter Equation 
| 





(11.C.4-1)‏ ۰ 7 ۱ب 
S‏ 
| + 
150 
or‏ 
Xy 5*+ 150 Xy = 150 n, (11.0 .4-2)‏ 


and utilizing inverse Laplace Transformation it becomes: 
X, 2-150 X, * 150 n, (П.С.4-3) 


(2) Acceleration Compensator Equation 


s+0.143 
(-0.0387) 
Y 0.143 
SS مق لا کح‎ (1.С.4-4) 
(Nzo7X1) s (s + 5) 
2 
or bu minor manipulation 
۷ -0.27063 s -0.0387 
— > حچ‎ (II.C.4- 5) 
(nee Xs) 0.2 2+ و‎ 


and utilizing inverse Laplace Transformation 1t becomes: 
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Y*5VY2-1.3531(n,,-X,)-0.1935(n,,-X,) (П.С.4-6) 
Using state-space representation of a system, in which the 


forcing function involves derivatives terms [Ref. 5: pp 675-678] one yields: 


Xəz Xz- 1.3531(n2.-X)) (П.С.4-?) 
X3= -5%X3+6.572(N207Xy) (II.C.4-8) 
ولا - ل‎ (П.С.4-9) 


(3) Rate Compensator Equation 


S * 6.55 
( - 15.6) 
6.55 
Spe OR و‎ (11.C.4- 10) 
s+0.143 
0.143 
or 
-2.3616 s - 15.6 
CEU DR (II.C.4- 1 1) 
6.993 s + | 


and using inverse Laplace Transformation it yields: 
85, 770.1438,,-340.58 x 1073(X5-X4)-2.2308(X2-X4) (II.C.4- 12) 
b. Actuator Equation 


1 


ӧр SS سس .بس‎ Soc (11.C.4-13) 
s + 188.4 


188.4 


and using inverse Laplace Transformation it yields: 


$, = - 188.4 8,+188.4 8,, (11.C.4-14) 
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c. Equations of Aerodynamic Model 


From aerodynamic transfer function, Eq. (11.C.3-3) 


q -1.3361 s - 0.159 


Sp 22.545 x 10-3 s2 + 3.3634 x 105s + 1 

22.545 x 1073 q s2 + 3.3634 x 10-3 qs + q= -1.3361 6p s - 0.159 & 
(11.C.4- 15) 

and using inverse Laplace Transformation it yields: 

q + 149.1861073 q + 44.3557 q 2-59.2637 8, -7.0526 8, (11.C.4-16) 

Using state-space representation of a system, in which the forcing 


function involves derivatives terms [Ref. 5: pp 675-678] one obtain: 


X4 = X5 -59.2637 8 (11.C.4-17) 
Xs 2-149.186 x1073 Xs -44.3557 X4 * 1.7887 8, (II.C.4- 18) 
4 zü (II.C.4- 19) 


From aerodynamic transfer function Eq.(11.C.3-4) 


n, 106.074 x 1073 s2 - 18.82 





Sp 22.545 x 1073 s2 + 3.3634 x 10-3 s+ 1 


22.545 x1075 52 n, + 3.3634 41073 $ n, + n,= 106.074 x103 s2 8,-18.828, 
(П.С.4-20) 

or n, * 149.186 x 1073 n, * 44.3557 n, 2 4.705 dp - 834.775 бр 
(П.С.4-21) 


and proceeding as above it yields: 
Xe 2 X4 - 701.92 x 10758, (11.0 .4-22) 
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Xz = - 149.186 x 1075 X7 - 44.3557 Xg ¬ 1043.368, (П.С.4-23) 
N = Xe + 4.7056, (11.C.4-24) 
Utilizing state-space representation, all the aforementioned 


equations can be modeled in a tenth order system as follows: 


Xg + 705.75 8, (11.C.4-25)‏ 150+ رلا 150- درك 
Xə = Xz - 1.3531 me + 1.3531 4 (П.С.4-26)‏ 
Xz = -5 Xz + 6.572 n - 6.572 Xy (I1.C.4-27)‏ 
X4 = X5 - 59.2637 8, (П.С.4-28)‏ 
Ms z -149.186 x1073 X5 -44.3557 X4 * 1.7887 8, (П.С.4-29)‏ 
Xe = X, - 701.92 x 10756, (11.C.4-30)‏ 
Хӱ = -149.186 x 1073 Xə - 44.3557 Xe - 1043.36 6, (П.С.4-31)‏ 
So (П.С.4-32)‏ 188.4 + ,8 188.4- = ,6 


би = -0.143 Bee -2.2308 X2 + 2.2308 Xy -340.58 x 1075 xy + 
+ 460.839 x 1073 n,, - 460.839 x 1073 X, + 340.58 x 1075 x5 - 
- 20.184 8, (П.С.4-33) 
П. = -( Хӱ – 4 &, + 886.422 &,, ) (II.C.4- 34) 
A continuous, linear, constant coefficient system of differential 
equations, as above, can always be expressed as a set of first-order matrix 
differential equations X = FX+GU where U is the control input to the 
system. The output can be expressed as a linear combination of the state, X, 
and the input as y= HX+JU. 
The state method of representing a dynamic system is very useful 
because it standardizes the information required into three matrices, F, 6, 
and H, no matter how complicated the system is. 


In our case the matrices are: 


9د 


ҝ Me 2) 
Xz Xz 6.572 
”- Xa 0 
X= | Xs —. G= | 0 
Xe ^ 0 
X> X3 0 
бу бу 0 
Ge Spc 0.4608 
n, n, 0 
4 
U = nee 
-150 0 0 0 0 © 0 0 o ME 
175 O | 0 0 О 0 0 0 
-6.572 0 -5 0 (О ә 0 0 0 0 
0 0 0 0 | 0 0 -5926 О О 
اع‎ О 0 O -44.36 -0.1492 0 0 1739 O MM 
0 0 0 0 0 7 | -0.7019 0 О 
0 0 DO 39 0 -4436-0.1492-1043 0 £0 
0 0 0 0 0 (О 0  -1884 1884 0 
0.4608 -2.231 -0.3406 2.231 0.3406 0 0 -20.18 -0.143 0 
0 0 0 0 0 0 -1 887.1 -886.4 O 


The state-variables of interest are: 
44 =q: pitch angular rate 


n, : pitch normal acceleration 
Ge : pitch tail incidence 
Utilizing OPTSYS the tenth order system was analyzed in terms of 


time and frequency responses, using an input step function representing the 
“| gee command” and trim angle-of-attack a,=0, and the corresponding plots 


were obtained. 
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Figure 2.7 shows the pitch normal acceleration (n,) response which 
has a 0.5 seconds time constant, steady-state error 0.005 and 2.0 & 
overshoot, and therefore is according to the requirements mentioned in 
section ILA. 

Figures 2.8 and 2.9 show the required body angular rate (q) and 
control surface deflection (8,), to achieve the acceleration response. These 
responses matched those presented in [Ref. 3]. 


Figures 2.10 through 2.15 show the frequency responses of normal 
acceleration (n,), angular rate (q), and tail incidence (8,). The relative 
stability margins are shown in Table II. Since the gain and phase margins, as 
shown in Table II are positive, it ensures that the closed loop (controlled) 
system will be stable. 

Figures 2.16 through 2.18 show the Pole-Zero Maps of n,, q and A, The 


poles locations are found to be at: 


Sı =-159.7 + j 18.99 (Acceleration Filter) (П.С.4-55) 
Sə = -159.7 - j 18.99 (Acceleration Compensator) (П.С.4-36) 
Sz = -8.290 + j 8.059 | (ILC.4-37) 
S4 =-8.290 -j8.059 (Angular Rate) (11.C.4-38) 
Ss =-3.759+) 2515 (ILC.4-39) 
9, = -3.759- 1 2515 (П.С.4-40) 
5? = -0.14390000 (ILC.4-41) 
Sg = -0.000004251 (Actuator) (П.С.4-42) 
$9 2 -0.07459 «1 6.66 (Rate Compensator) (ILC.4-43) 
Sto = -0.07459 - j 6.66 (Normal Acceleration) (II.C. 4-44) 


sinse all poles are in the left-half of the s-plane the system is stable. 
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Figure 2.7 Pitch Normal Acceleration vs Time; Uncoupled Pitch Channel; 
Continuous Open Loop System. 
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Figure 2.8 Pitch Angular Rate vs Time; Uncoupled Pitch Channel; 
Continuous Open Loop System. 
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Figure 2.9 Pitch Tail Incidence vs Time; Ucoupled Pitch Channel; 


Continuous Open Loop System. 
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Figure 2.10 Pitch Normal Acceleration; Uncoupled Pitch Chennel; 
Continuous Open Loop System; Gain vs Frequency. 
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Figure 2.11 Pitch Normal Acceleration; Uncoupled Pitch Channel; 
Continuous Open Loop System; Phase vs Frequency. 
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Figure 2.12 Pitch Angular Rate; Uncoupled Pitch Channel; 
Continuous Open Loop System; Gain vs Frequency. 
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Figure 2.13 Pitch Angular Rate; Uncoupled Pitch Channel; 
Continuous Open Loop System; Phase vs Frequency. 
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Figure 2.14 Pitch Tail Incidence; Uncoupled Pitch Channel; 
Continuous Open Loop System, Gain vs Frequency. 
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Figure 2.15 Pitch Tail Incidence; Uncoupled Pitch Channel: 
Continuous Open Loop System, Phase vs Frequency. 
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TABLE II 


Stability Margins of Uncoupled Pitch Channel 





q Ôp nz 
Phase Crossover Frequency (rad/sec): 56.6896 ----- 322 
Gain Margin (DB): 29.0986  ----- 7.9450 
Gain Crossover Frequency (rad/sec): 5217.1016 ----- 375.9622 
Phase Margin (Degrees): 879482 ----- 62.9508 
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Figure 2.16 Pitch Normal Acceleration; Uncoupled Pitch Channel; 
Continuous Open Loop System, Pole-Zero Map. 
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Figure 2.17 Pitch Angular Rate; Uncoupled Pitch Channel; 
Continuous Open Loop Sustem; Pole-Zero Map. 
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Figure 2.18 Pitch Tail Incidence; Uncoupled Pitch Channel; 
Continuous Open Loop System; Pole-Zero Map. 
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The zeros of pitch normal acceleration are found to be at: 


5, = -150.00 (ILC.4-45) 
52 = 13.32 (11.C.4-46) 
Sz = -13.32 (ILC.4-47) 
S4 = - 6.550 (ILC.4-46) 
Se = - 0.000003 58 (11.C.4-49) 
Se = 9 (11.C.4-50) 
5? = – 0.1430 (ILC.4-51) 
Sg = – 0.07459 + j 6.66 (ILC.4-52) 
бә = – 0.07459 - j 6.66 (ILC.4-53) 
The zeros of pitch angular rate are found to be at: 
5, = -150.00 | (ILC.4-54) 
مه‎ 2- 0.119 (П.С.4-55) 
S; = 0.001734 (П.С.4-56) 
$4 = - 6.550 (П.С.4-57) 
Ss =- 0.000867 + 0.001516 (UC 4250) 
Se =- 0.000867 - j 0.001516 (11.C.4-59) 
وع‎ =- 0.1430 (ILC.4-60) 
$g 2 - 0.07459 * j 6.66 (11.C.4-61) 
Sg 2 - 0.07459 - j 6.66 (ILC.4-62) 
The zeros of pitch tail incidence are found to be at: 
$4 =-150.00 | (1.С.4-63) 
бә = -0.000001322 (ILC.4-64) 
وع‎ = - 6.550 (ILC.4-65) 
54 = 0.000001189 (ILC.4-66) 


Je 


Sg = - 0.1430 (ILC.4-67) 


se = - 0.07459 + j 6.66 (ILC.4-68) 
s+ = - 0.07459 - j 6.66 (ILC.4-69) 
Sg - - 0.07459 * j 6.66 (ILC.4-70) 
Sq = - 0.07459 - j 6.66 (ILC.4-71) 


o. Design Approach and Analysis of the Discrete Open Loop System 

The control of physical systems with a digital computer is becoming 
more and more common. Many new digital control applications are being 
stimulated by microprocessor technology. Among the advantages of digital 
logic for control are the increased flexibility of the control programs and 
the decision-making or logic capability of digital systems which can be 
shared with the control function to meet other system requirements. 

In order to compute the state X(t) by use of a digital computer, the 
continuous-time state equation X = FX+GU must be converted into the 
discrete-time equation X = AX+BU , assuming that the input vector U 
changes only at the equally spaced sampling instants T. 

Utilizing the Analog-to-Digital conversion of ORACLS the continuous 
time matrices F and G were converted to the discrete time matrices A and 
B using sample time T=0.0125 sec (Frequency=80 cps). 

The computer listing of the above conversion is shown in Appendix B. 

The TRANFUNC option of ORACLS was used to analyze the dicrete open 
loop transfer function and time responses and pole-zero maps plots were 
obtained as for the continuous system. 


Figures 2.19 shows the discrete time response of pitch normal 
acceleration (n,) which has a 0.5 seconds time constant, steady-state error 
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Figure 2.19 Pitch Normal Acceleration vs Time; Uncoupled Pitch Channel; 
Discrete Open Loop System. 
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about 0.005 and 2.0% overshoot, and therefore is according to the 
requirements mentionted in section ILA. 

Figures 2.20 and 2.21 show the discrete time responses of pitch 
angular rate (q), and pitch tail incidence (55). These responses matched 
those presented in [Ref. 3]. An input step function representing "1 gee” was 
used in all cases. 

Figures 2.22 through 2.24 show the discrete Pole-Zero Maps of n,, q, 


and 6,, The poles are found to be at: 


2, = 0.1320 + j 0.03194 (Acceleration Filter) )11.:.5-1( 
Zə = 0.1320 - j 0.03194 (Acceleration Compensator)  (11.C.5-2) 
23 = 0.8970 + j 0.09067 (ILC.5-3) 
Z4 = 0.8970 - j 0.09067 (Angular Rate) (11.C.5-4) 
26 - 0.9536 + j 0.02999 (ILC.5-5) 
2, 2 0.9536 - j 0.02999 (ILC.5-6) 
2; 2 0.9982 (IICS 
2g = 1.0000 (Actuator) )11.0.5-8( 
Ze = 0.9956 + j0.08307 (Rate Compensator) (11.C.5-9) 
م21‎ 0.9956 - j 0.08307 (Normal Acceleration) )11..5-10( 


Since all the poles are within the unit circle the system is stable. 


The zeros of the discrete pitch normal acceleration are found to be at: 


2, =- 0.4663 (ILC.5-11) 
zo = 0.1532 (ILC.5- 12) 
23 = 0.8466 - (1LC.5-13) 
Z4 = 0 (ILC.5- 14) 
Za = 09214 (ILC.5-15) 
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Figure 2.20 Pitch Angular Rate vs Time; Uncoupled Pitch Channel; 
Discrete Open Loop System. 


59 





2000 


CIDENCE,OP 


a 01 00 00 004 |‏ رڈ رون هد د« ږن هه هوه ده ده ره ٥ي‏ هه ٥۵‏ ده هد وه وه وه nato da to notas Copos ro‏ جړ» هد و وای ۵ tapon tocava ot anne oC‏ واو وو ۵ وای د و وای ۵ ډو اوړه »یه ۵ ده هو ه هم 


ans ra CO aC natos...‏ وهاه اده 5986 هو er Dornas‏ و د و د د هد OVO‏ دو یو د یی ان د ٥۵‏ د ی د نی ږ. د ۵د و ےو دو وو وج ن د ن ږن و ودن ین ین ند ن دن ی دای ۵ نن دون د نن دن دون ږی Coco COCO‏ دو ي د .ىن د د د یه ی ۵ ی يی ي یی هوی نن چدصو چن یی وناي وای هم 


"0 0 S%0'0 000 0600 06070 ç20 0 02070 ات‎ 0100 с00"0 00070 
AP AINAICIONI TIVA HOJ. Id 


۳ یی کٹ 


3.0 


TIME - SEC 


0.0 


Figure 2.21 Pitch Tail Incidence vs Time; Ucoupled Pitch Channel; 


Discrete Open Loop System. 
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Figure 2.22 Pitch Normal Acceleration; Uncoupled Pitch Channel; 
Discrete Open Loop System, Pole-Zero Map. 
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Figure 2.23 Pitch Angular Rate; Uncoupled Pitch Channel, 
Discrete Open Loop System, Pole-Zero Map. 
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Figure 2.24 Pitch Tail Incidence; Uncoupled Pitch Channel; 
Discrete Open Loop Sustem; Pole-Zero Map. 
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= 0.9982 
= 1.0000 


= 0.9956 + j 0.08307 
= 0.9956 - j 0.08307 


(ILC.5-16) 
(П.С.5-17) 
(ILC.5-18) 
(ILC.5-19) 


The zeros of the discrete pitch angular rate are found to be at: 


2| 
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23 
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28 
294 


=> 22799 
4 
- - 0.1386 
0.9985 
= 09214 
= 0.9982 
= 1.0000 


= 0.9956 + j 0.08307 


0.9956 - j 0.08307 


(П.С.5-20) 
(ILC.5-21) 
(ILC.5-22) 
(ILC.5-23) 
(ILC.5-24) 
(ILC.5-25) 
(П.С.5-26) 
(ILC.5-27) 
(ILC.5-28) 


The zeros of the discrete pitch tail incidence are found to be at: 
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= 0.9956 - 0.08307 


64 


(ILC.5-29) 

(ILC.5-30) 
(ILC.5-31) 
(ILC.5-32) 
(П.С.5-33) 
(ILC.5-34) 
(ILC.5-35) 
(ILC.5-36) 
(ILC.5-37) 


6. Comparison of Continuous and Discrete Systems 
In this chapter the classical design of the continuous uncoupled pitch 


channel autopilot, as was developed in [Ref. 3], was reviewed, and the 
corresponding discrete channel was obtained using state-space 
representation of the system and the Analog-to-Digital Conversion option 
of ORACLS. 

à comparison of the time responses in the s-domain (Figures 2.7 
through 2.9) with those in the z-domain (Figures 2.19 through 2.21) shows 
that the two systems behave the same way. In addition both systems are 
stable as it can be seen from the pole-zero maps of the continuous system 
(Figures 2.13 through 2.15) , and the discrete system (Figures 2.22 through 
2.24) , since their poles are maping according to relation 2=esT. 

The similarity of the continuous and discrete systems allow us from 


now on to work on the discrete domain without any loss of accurasy, and 
using the computer to make things much easier. 
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Ill. MODERN CONTROL DESIGN AND ANALYSIS OF LONGITUDINAL 
N H UTOPILOT 


A. GENERAL 

The design technique for the uncoupled pitch channel, as developed in 
[Ref. 3], was classical using a combination of frequency response and root- 
locus techniques. 

In classical control theory, only the input, output, and error signals are 
considered important; the analysis and design of control systems are 
carried out using transfer functions, together with a variety of graphical 
techniques as root-locus plots and Nyquist plots. The unique characteristic 
of classical control theory is that it is based on the input-output relation of 
the system, or the transfer function. 

The main disadvantage of classical control theory is that, generally 
speaking, it is applicable only to linear time-invariant sustems having a 
single input and a single output. It is powerless for time-varying systems, 
non-linear systems (except simple ones), and multiple-input-multiple- 
output systems. Thus classical techniques (the root-locus and frequency 
response methods) do not apply to the design of optimal and adaptive control 
systems, which are mostly time-varying and/or linear. 

The modern trend in engineering systems is toward greater complexity, 


due mainly to the requirements of complex task and good accuracy. Complex 
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systems may have multiple inputs and multiple outputs and may be time- 
varying. 

Because of the necessity of meeting increasingly stringent requirements 
on the performance of control systems, the increase in system 
complexity,and easy access to large-scale computers, modern control 
theory, which is a new approach to the analysis and design of complex 
contro] systems, has been developed since around 1960. This new approach 
is based on the concept of state-space representation. 

Modern control theory is contrasted with classical control theory in that 
the former is applicable to multiple-input-multiple-output systems, which 
may be linear or non-linear, time-invariant or time-varying, while the 
latter is applicable only to linear time-invariant single-input-single-output 
systems. Also, modern control theory is essentially a time-domain 
approach, while classical control theory is a complex frequency-domain 
approach. 

System design in classical control theory is based on trial-and-error 
procedures which, in general, will not yield optimal control systems. 
System design in modern control theory, on the other hand, enables the 
engineer to design optimal control systems with respect to given 
performance indexes. In addition, design in modern control theory can be 
carried out for a class of inputs, instead of a specific input function, such 
as the impulse function, step function, or sinusoidal function. Also, modern 
contro] theory enables the engineer to include initial conditions in the 


design. 
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The equations of the uncoupled pitch channel autopilot have already been 
in state-space form X = AX + BU in the previous chapter , and therefore 
we proceed in the modern control design of the discrete state-feedback 


autopilot. 


B. STATE FEEDBACK DESIGNED AUTOPILOT 
1. Design Approach and Analusis of Control Law 

One of the attractive features of state-space design methods is that 
the procedure consists of two independent steps. Une step assumes that we 
have all the states at our disposal for feedback purposes. In general, of 
course, this would be unrealistic since a practical engineer would not, as a 
rule, find it necessary to purchase this large number of sensors, especially 
since he knows that he would not need them, using classical design methods. 
The assumption that all states are available merely allows us to proceed 
with the first step, namely, the contro] law. The remaining step is to design 
an “estimator” which estimates the entire state vector, given measurements 
of the portion of the state provided by y = HX + JU. 

The final control algorithm will consist of the control law and the 
estimator combined where the control-law calculations are based on the 
estimated states rather than the actual states. This substitution is 
reasonable and the combined control law and estimator will give closed- 
loop dynamic characteristics which are unchanged from those assumed in 
designing the control jaw and the estimator separately. The dynamic system 
we obtain fram the combined control law and the estimator is called the 


controller. The first step is to get a good control law. 
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The control law is simply the feedback of a linear combination of all 
the states, that is, 


Ј = -KX BA -1) 
The characteristic equation of the controlled (closed loop) system is 
det[ 21-A+BK ] = 0 (III.B. 1 -2) 


The control law design then consists of picking the elements of K so 
that the roots of equation IIL.B.1-2 are in desirable locations. 

A program logic for application of Ackermann's formula to compute 
the control law is given in Appendix C. The program reads in the sample time 
T, the discrete matrices A , B and the desired pole locations in the s-plane 
and gives as output the control law matrix K. 

The program used in this work was written in WATFIV computer 
language and is given in Appendix D. 

In section I1.C.5 utilizing Analog-to-Digital conversion the discrete 
uncoupled pitch channel matrices A and B were obtained. Also the analysis 
of the continuous open loop system, obtained from OPTSYS, showed the 


eigenvalues of the classical design to be at: 


51 = -159.724 + j 18.9921 (11.8.1-3) 
S> = -159.724 - j 18.9921 (IILB. 1-4) 
Sz = -8.29048 + j 8.05932 )111.8.1-5( 
S4 = -8.29048 - j 8.05932 (11.8.1-6) 
Sq = -3.75925 + | 251463 (11.8.1-7) 
5, = -3.75925 - | 2:51463 (IILB.1-8) 
$7 = -0.14393000 (IILB. 1-9) 
Sa z -0.00000425 (IILB. 1-10) 
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Sg = -0.074593 + | 6.65959 (IILB.1-11) 
S492 -0.074593 - | 6.65959 (IIL.B. 1-12) 
Utilizing Ackermann’s formula program (Appendix О) аид using 
sample time T= 0.0125 sec (80 cps), the discrete matrices A,B (Appendix B) 
and desired poles locations in s-plane the continuous open loop eigenvalues 
(equations IILB.1-3 through IILB.1-12) the control law was found to be: 


K = [-0.0188 -0.0279 -0.0042 0.0290 0.0041 
0.0 0.000 1 1.7732 -2.0162 0.0131] 
)111.8.1-13( 


Utilizing Transfer Function Analysis from TRANFUNC option of 
ORACLS, and using the discrete matrices A,B and K the state-feedback 
autopilot was designed and analysed according to step responses and Pole- 
Zero Maps. 

2. Performance of System 

À comparison of the discrete open loop eigenvalues (det[ 21-۵ 1=0), 
obtained using the Compensator Transfer Function Analysis from TRANFUNC 
option of ORACLS: 


2, = 0.131993 + j 0.0319377 (IILB.2-1) 
22 = 0.131993 - j 00319377 (111.8.2-2) 
2; = 0.896987 + j 0.0906708 (111.8.2-3) 
24 = 0.896987 - | 0.0906708 (111.8.2-4) 
Zs = 0.953625 + | 0.0299850 (IILB.2-5) 
2, = 0.953625 - | 0.0299850 (11.В.2-6) 
2, = 0.998202 (111.8.2-7) 
Zg = 1.000000 (111.8.2-8) 
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Za = 0.995608 + ز‎ 0.080713 (111.8.2-9) 
Z10 = 0.995608 - ) 0.0830713 (111.8.2- 10) 
with the closed loop regulator eigenvalues (det[ 21-A*8K ]z0) 
obtained using the Transfer Function Analysis from TRANFUNC option of 
ORACLS: 


2, = 0.134462 + j 0.0320974 (IILB.2-11) 
2, 20.134462 - j 0.0320974 (11.8.2-12) 
2: = 0.896990 * j 0.0906457 (IILB.2-13) 
24 = 0.896990 - j 0.0906457 (IILB.2- 14) 
25 = 0.953624 + j 0.0299994 (IILB.2-15) 
2, = 0.953624 - j 0.0299994 (IILB.2-16) 
2, - 0.998202 (111.8.2-17) 
Zg = 1.000000 (IILB.2-18) 
25 = 0.995608 + j 0.0830713 (IILB.2-19) 
249 = 0.995608 - j 0.0830713 | (II B.2-20) 


shows no significant differences. 

Figures 5.1 through 5.5 show the discrete closed loop time responses 
of pitch normal acceleration (n,), pitch angular rate (q), and pitch tail 
incidence (8,). An input step function representing “! gee” was used. A 
comparison of the responses mentioned above, with the corresponding time 
responses of the discrete open loop system ,Figures 2.19 through 2.21 shows 
that they are identical. 

Figures 3.4 through 3.6 show the Pole-Zero Map plots of n,, q, and 6. 
All the poles, given by equations 111.8,2-11 through IILB.2-20, are inside the 


unit circle and the system is stable. There are no real zeros in the system. 


ul. 


LI 


0.7 


6 


0 


O. 


4 


PITCH NORMAL ACCELERATION,NZ 
0. 5 


0.3 





AL o “6 | 


Фә ФәФФәӘӘФӘФ ФӘФӘФФ ФФФ РФФФӘ Ә Ә‏ ونو وهو ټټاه هو هو » دو وت دوه ده هده هده هه دو نه وی نه ند د نوی هون ن ده دص نن دید ده ید دون دد ان وهو وه د هد نن ۵د ان هد نه نه دود ان ني نون د ی ښ نی و د نن ان وټان ن نه د no teto‏ دو دو دو ه و 


وو« o nO O sono Canna de von‏ د ده ٥هد‏ د ده دو ده ٢۵د‏ نو دنو ده ۵ ده د دي ده دوه دوه ههو د ده ههه هدد ههو دوه ه oO re poe‏ ودی ههوو وه هوه ده وه دو ده ه O OOo‏ وه ده ده ه COCO CO‏ 
. 


. = » 
کو رر و و و ور و و و DOADO O O a CO CE AACD COCO CO SARA A AGO CC O CCO O OO OU‏ و وج دو د ووو وه و دو وو ود و د د وښوغ نو هدو د۵ دد د و دوه دو eso CC co dO CO CO‏ ه٥‏ ه ه ھ ه د 


© © 6 666 رر ووررر و رر ررویوڑر ری بر 66 ده وهثه وه هو وه » 29096686 6 و26 دهن ه ده 6 2ه 6و6 هه ه66 6ه رر پڈپرر رو رد رر و ورورور وو ر ور رروررررروورڈو دړنوه ههه هوه وم هه ۵ وه ۵ REA HS SHEHSH EHS SH SH SSHSHASSS SHS TSHHS‏ 


o o ven. oq ve 000 0000 €$ 66 6 66 6 € vi?‏ دص ن د د هد هد ن هو COCO qo‏ ن هد ه ن۷ نی ج هد هه > وبيج »و »© عه O‏ هو يی ه ه نن هدن دو يټ ه ن O Oca‏ هد “Фә әт‏ وه د د د وه CO‏ ه دي ه ه هد ه هده ه د 





Figure 3.1 
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Pitch Normal Acceleration vs Time; Uncoupled Pitch Channel; 
Discrete State-Feedback Autopilot. 
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Figure 3.2 Pitch Angular Rate ys Time; Uncoupled Pitch Channel; 
Discrete State-Feedback Autopilot. 
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Figure 3.3 PitchTail Incidence vs Time; Uncoupled Pitch Channel; 
Discrete State-Feedback Autopilot. 
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Figure 3.4 Pitch Normal Acceleration ; Uncoupled Pitch Channel: 
Discrete State-Feedback Autopilot; Pole-Zero Map. 
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Figure 3.5 Pitch Angular Rete; Uncoupled Pitch Channel; 
Discrete State-Feedback Autopilot; Pole-Zero Map. 
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Figure 3.6 Pitch Tail Incidence; Uncoupled Pitch Channel; 
Discrete State-Feedback Autopilot; Pole-Zero Map. 
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5. Simplified State-Feedback Designed Autopilot 
In the previous section the state-feedback autopilot was designed 
using the feedback gain vector (equation IILB.1-13), and therefore there 
were ten (10) returning gain loops making the system more complex. In 
order to simplify the system, zero gains were introdused, where those gains 
were very small in the state feedback gain vector,and in doing so returning 
gain loops were eliminated and the system became simpler. 


The resulted state-feedback gain vector is: 


K = [-0.0188 -0.0279 0.0000 0.0290 0.0000 
0.0000 0.0000 1.7732 -2.0162 0.0131) 
(IILB.3- 1) 


Following the same procedure, as in the case of State-Feedback 
Designed Autopilot, the step responses and Pole-Zero Map plots were 
obtained and analysed. 

The pole locations of the simplified state-feedback autopilot are 


found to be at: 


2, = 0.134456 + j 0.0321064 (IILB.3-2) 
2, 2 0.134458 - j 0.0321064 (111.8.3-3) 
23 = 0.896805 + j 0.0911170 (IILB.3-4) 
2, : 0.896805 - | 0.0911170 (IILB.3-5) 
25 = 0.952644 + j 0.0290202 (111.8.3-6) 
2, = 0.953644 - j 0.0290202 (111.8.3-7) 
27 = 0.998202 (IILB.3-8) 
وع‎ 1.000000 (11.8.3-9) 
2g = 0.995608 + j 0.0830713 (111.8.3-10) 
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2,97 0.995608 - 4 0.0830713 (ILB.3-11) 

À comparison of the above pole locations with those of the state- 
feedback designed autopilot (equations IILB.2-11 through IILB.2-20) show a 
very small shifting of the poles of the simplified state-feedback autopilot 
to the left. 

Figure 3.7 shows the time response of the pitch normal acceleration 
(n,) for the simplified state-feedback autopilot. An input step function 
representing “1 gee” was used. The response shows that the steady-state 
error is greater than in the case of state-feedback autopilot (Fig. 3.1), but 
is whithin the requirements. 

Figures 3.8 and 3.9 show the time responses of pitch angular rate (q) 
and pitch tail incidence (8,) for the simplified state-feedback autopilot. A 
comparison with the corresponding time responses for the state-feedback 
autopilot (Fig. 3.2 and Fig. 3.3) shows no significant differences. 

| Figures 3.10 through 3.12 show the Pole-Zero Map plots of nz, q, Se 

ål] the poles, giyen by equations IILB.5-2 through IILB.5-11, are inside the 


unit circle and the system is stable. There are no real zeros in the system. 


C. ESTIMATOR DESIGNED AUTOPILOT 
|. Design Approach and Analysis of Discrete Closed Loop Estimator 


The control law designed in the last section IILB assumed that all 
states were available for feedback. Since, tupically, not all states are 
measured, an estimator must be design in order to estimata all tha states, 
given measurements of a portion of them. If the state is X, then the 


estimate is X and the idea is to let U = -LX, replacing the true states by 
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Figure 3.7 Pitch Normal Acceleration vs Time; Uncoupled Pitch Channel; 


Discrete Simplified State-Feedback Autopilot. 
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Figure 3.8 Pitch Angular Rate vs Time; Uncoupled Pitch Chennel; 
Discrete Simplified State-Feedback Autopilot. 
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Figure 3.9 Pitch Tail Incidence vs Time; Uncoupled Pitch Channel, 


Discrete Simplified State-Feedback Autopilot. 
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Figure 3.10 Pitch Normal Acceleration ; Uncoupled Pitch Channel; 
Discrete Simplified State-Feedback Autopilot; Pole-Zero Map. 
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Figure 3.11 Pitch Angular Rate; Uncoupled Pitch Channel; 
Discrete Simplified State-Feedback Autopilot; Pole-Zero Map. 
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Figure 3.12 Pitch Tail Incidence; Uncoupled Pitch Channel; 
Discrete Simplified State-Feedback Autopilot; Pole-Zero Map. 
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their estimates in the control law. Figure 3.13 shows an open loop estimator 
and Figure 3.14 shows a closed loop estimator. 

The characteristic equation of the closed loop estimator is: 

deti ZI-A+LH ] = 0 (II.C.1-1) 

To select L, we take the same approach as we did when designing the 
control law K. 

If we take the transpose of A-LH, we get AT-HTLT, which is the same 
form as the system matrix A-BK of the control problem. Therefore if we 
substitute AT for À, HT for B, and LT for K, we can use the control design 
results. 

Then utilizing Ackermann's formula program (Appendix D), and using 
sample time Tz 0.0125 sec, the matrices AT for A, HT for B, where 

HT =[ 0 0 0 | Ú Ú 0 0 0 0) 

(11.2 0, 
assuming that we can only measure the state X4 = q, and taking the 
desired pole locations of the estimator to be slightly to the left from the 
original open loop eigenvalues (equations 111.B.1-3 through 111.B.1-12), as 


shown below: 


$, = -159.729 + j 18.9921 (IILC. 1-3) 
So = -159.729 - j 18.9921 (IILC. 1-4) 
Sz - -8.20548 + j 8.05922 (IILC.1-5) 
S4 - -8.29548 - j 8.05932 (IILC. 1-6) 
Ss = -3.76425 + j 2.51463 (ILC. 1-7) 
Se = -3.76425 - j 2.51463 (111.C.1-8) 
37 z -0.148930 (111.C.1-9) 
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Figure 3.13 Open Loop Estimator. 
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Figure 3.14 Closed Loop Estimator. 
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3a = -0.005004 (IILC. 1-10) 


бә = -0.079593 + j 6.65959 KN kb 
$39 = -0.079593 - j 6.65959 )]11.:.,1-12( 
we obtain the estimator gain vector : 
LT=[ -1.8784 0.0200 -0.0972 0.0219 0.0041 
-0.0015 0.3860 0.0720 0.0007 -0.3370 ] 
(LE 12152 


Utilizing Compensator Transfer Function Analysis from TRANFUNC 
option of ORACLS and using the matrices A, H and L the closed loop 
estimator autopilot was designed and analyzed according to step responses 
and Pole-Zero Maps. 

2. Performance of System 
The closed loop estimator eigenvalues, detí zI-A+LH ] = O, obtained 


from Compensator Transfer Function Analysis are: 


z, 20.140601 (IILC.2-1) 
2, 20.101457 (IIL.C.2-2) 
.Zg 2 0.897018 * j 0.090805 (111.0.2-3) 
24 = 0.897018 - j 0.0908305 (IILC.2-4) 
25 = 0.953599 + j 0.029982 (III.C.2-5) 
ze = 0.953599 - j 0.0299821 (III.C.2-6) 
به‎ = 0.995619 + j 0.0830597 (IILC.2-7) 
2, = 0.995619 - j 0.0830597 (11.С.2-8) 
و2‎ = 3 (11.С.2-9) 
210 = 0.999998 (11.С.2-10) 
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à comparison of the above eigenvalues with those of the closed loop 
regulator eigenvalues detl z1-A*BK ]z0, (equations IILB.2-11 through 
1118.2-20), shows an acceptable difference since we estimated the entire 
state vector from the measurement of just one state, namely the pitch 
angular rate (q), and we moved the desired pole locations of the estimator 
to the left of the original open loop eigenvalues, in order to get a faster 
response. 

Figures 5.15 through 5.17 show the discrete closed loop estimator 
time responses of pitch normal acceleration (n,), pitch angular rate (q), and 
pitch tail incidence (8). An input step function representing "1 gee" was 
used. A comparison of the responses mentioned above with the 
corresponding time responses of the state-feedback autopilot Figures 3.1 
through 3.3 shows no differences. This is due to the fact that the same 
(Zero) initial conditions was used for both cases. 

Figures 3.16 through 3.20 show the Pole-Zero Map plots of n,, q and ӧр 
for both the state-feedback and the estimator designed autopilots. All the 
poles, given by equations IILC.2-1 through IILC.2-10,are inside the unit 
circle and the system is stable. 


The zeros of the estimator's pitch normal acceleration are found to be 


at: 
ay = 0.1053 )111.:.2-11( 
Zo z 0.8970 + j 0.09080 (TIRE 2-12) 
Zz = 0.8970 - j 0.09080 )111.2.2-13( 
24 = 0.1413 (11.С.2-14) 
25 = 0.9956 + j 0.08307 (E2515) 
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Figure 3.15 Pitch Normal Acceleration vs Time; Uncoupled Pitch Channel; 
Discrete Estimator Autopilot. 
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Figure 3.16 Pitch Angular Rate vs Time; Uncoupled Pitch Channel; 
Discrete Estimator Autopilot. 
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Figure 3.17 Pitch Tail Incidence vs Time, Uncoupled Pitch Chennel; 


Discrete Estimator Autopilot. 
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Figure 3.18 Pitch Normal Acceleration ; Uncoupled Pitch Channel; Discrete 
State Feedback and Estimator Autopilots; Pole-Zero Map. 
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Figure 3.19 Pitch Angular Rate; Uncoupled Pitch Channel; Discrete State 
Feedback and Estimator Autopilots; Pole-Zero Map. 
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Figure 3.20 Pitch Tail Incidence; Uncoupled Pitch Channel; Discrete 
State Feedback and Estimator Autopilots; Pole-Zero Map. 
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2, = 0.9956 - j 0.08307 (11.С.2-16) 
2» = 0.8468 (11.С.2-17) 
Zg = 1.0000 (III.C.2-18) 
23 = 0.9982 (11.С.2-19) 
The zeros of the estimator's pitch angular rate are found to be at: 
2, = 0.9956 + j 0.08307 )111.:.2-20( 
Zo = 0.9956 - j 0.08307 (11.С.2-21) 
Zz = 0.8970 + j 0.09081 )111.:.2-22( 
Z4 - 0.8970 - j 0.09081 )111.:.2-23( 
zs - 1.0000 (11.С.2-24) 
2, = 0.1056 (11.С.2-25) 
2, - 0.9982 )111.-.2-26( 
Ze = 0.9556 + j 0.02998 (IILL.2”222 
22 = 0.9536 - | 0.02998 (11.С.2-28) 
Тһе zeros of the estimator's pitch tail incidence are found to be at: 
21 = 0.9958 + j 0.08505 (11.С.2-29) 
2, = 0.9958 – j 0.08305 (11.С.2-30) 
23 = 0.9536 + j 0.02997 (111.0.2-31) 
24 = 0.9556 - | 0.02997 11.0.2392 
25 = 0.1413 (11.С.2-33) 
Ze = 1.0000 (III.C.2- 34) 
2, - 0.9982 (11.С.2-35) 
Zag = 0.8970 + j 0.0908 1 (IILE/27 969) 
2g = 0.8970 - j 0.09081 (11.С.2-37) 
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5. Simplified Estimator Designed Autopilot 
For the same reason, as in the case of simplified state-feedback 


autopilot, in order to eliminate returning loops in the design of simplified 
astimator autopilot, zero gains were introduced where the gains of the 
estimator (equation IILC.1-13) were very small. Then the resulted gain 


vector is: 
L'={ -1.8784 0.0200 -0.0972 0.0219 0.0000 
0.0000 0.3860 0.0720 0.0000 - 0033704 
IEA 


Following the same procedure, as in the case of the Estimator 
Designed Autopilot, the time responses and Pole-Zero Map plots were 
obtained and analyzed. 

The pole locations of the simplified estimator autopilot are found to 
be at: 


2, = 0.140707 (IILC.3-2) 
z2 = 0.101090 (IILC.3-3) 
27; - 0.896885 + | 0.0936778 (IILC.3-4) 
24 = 0.896885 - j 0.0938778 (111.C.3-5) 
Zs = 0.953882 + j 0.028860 | (11.С.3-6) 
2, = 0.953882 - j 0.0288601 (11.С.3-7) 
27 = 0.995605 + j 0.0830655 (IILC.3-8) 
و2‎ = 0.995605 - j 0.0830655 (11.С.3-9) 
25 = 0.998202 (IILC.3- 10) 
219 = 0.999985 (IILC.3- 11) 
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A comparison of the above pole locations with those of the estimator 
designed autopilot (equations IILC.2-1 through 111.C.2-10) shows no 
Significant differences. 

Figures 3.21 through 3.23 show the simplified closed loop estimator 
time responses of pitch normal acceleration (n,), pitch angular rate (q), and 
pitch tail incidence (8). An input step function representing “1 gee” was 
used. A comparison of the above responses with the corresponding time 
responses of the estimator designed autopilot (Figures 3.15 through 3.17) 
shows no significant differences. 

Figures 5.24 through 5.26 show the Pole-Zero Map plots of nz, q and ô, 
for the simplified estimator designed autopilot. All the poles, given by 
equations IILC.5-2 through IILC.5-11,are inside the unit circle and the 
system is stable. There are no significant differences in the zeros 
locations from those of the estimator autopilot (equations I11.C.2-11 
through III.C.2-37). 


98 


0.4 0.5 0.6 0.7 


PITCH NORMAL ACCELERATION,NZ 


0.3 





999-4 و په ږ یي نه يو ده هم پس ای ږ یی نان ۵ يرن دچ نی یی نو نو ده هون دون نو دو هنو د ني و ووضم و واو واو و ووه GAP‏ هو سه دو هه هه .© ههه هوت هن نن ۷ ه هه هه هوه ن OC‏ 
. 


. 
nn. anna. 664‏ وو وو هو ونو DOOR DC co ooo co como‏ د۷ ود یوج وهو وه وه و سه هن ۷ي SSH OHH SEH SO HEHE‏ نون نود SH SSS‏ و وهو ووه بج ل ای د نص په په ږن د د هد ده ووو نوه 
5 . 


atos‏ ووه وه وه هه ووم اوهو د نن ن ۵ هن هان د 


ههه هه هه ه.ده هد هو.ه ههه هه« هه ٥٥‏ دړهه ههه هه هه ده هه د هد ۵ ۵ ۵ ۵د په ۵ه دوو ن۵ ه ۵ ۵ ٥۵‏ و ده ۵م ۵ ۵٥۵‏ وهه ۵ه ۵ه ده د وین ۵ه ده ٥ه‏ »وهه ۵ نو ووه صه صده هت دوو د هن د دن جاهو د ٥ ٥ ٥ ٥ ٥ ٥ ٥‏ ۵ ج ه ٥ ٥ ٥‏ هت ٥ ٥ ٥ ٥ ٥ ٥‏ ه ھم ...0.0.0 ږوی اه هد هد يه هو ه ه ي ه ده تن هم 
* 


. 
نه وو ومد مو دوه «٥‏ ودد وهه ههه ه وړهه ههه هه ههه هههه ههه هه ههه ٥ه‏ ٥په‏ ههه ههه ده و هه ده هه د دوب وت ه ٥ ٤٥‏ )م IAEA O‏ ٢د‏ د وو ووو و وه ۵ وو و اه ھ ه ٥‏ ۸ي ه٥ “e... 00 coco. . ete‏ 


. 
. D 
SSegeggëpeegpgeeebsggéeegegageeegegeggëeeeegegeggeeeëegégëegpeggegegggegeggegeggeestggggeggeggggegepgeeeeeeeeéeeegegeeeeeeeeeeeegeeegeeggegëggeegeeegesggegeeeeeeeeeeees 
a a 


. 
ccosonco cos sebos o cn ٨ cacos oca cos Ca oro o es O OCO OOo Os OOo ace pos OCR os oco O a qo so oco Oo oco co es cases Se e ER e e ER ee es ER E e e 
a 


. 
. 
әса‏ © © هه هس ع هن دی دای یی د ے ای Quo.) vetos nn oco‏ 00 و هوه هو هوه وس نن ږن يی ته و دن نو يه ېه نه هو ده دن نه دص نصنص دنه نن coeso‏ وهن نه دص ږو وه هم و و نون د خپ ه هه “eco ooo‏ 
. 


3.0 


1.5 2.0 2.5 
TIME — SEC 


: 
0.0 0.5 1.0 


Figure 5.21 Pitch Normal Acceleration vs Time; Uncoupled Pitch Channel; 


Discrete Simplified Estimator Autopilots. 
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Figure 3.22 Pitch Angular Rate vs Time; Uncoupled Pitch Channel; 
Discrete Simplified Estimator Autopilot. 
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Figure 3.23 Pitch Tail Incidence vs Time; Uncoupled Pitch Channel; 
Discrete Simplified Estimator Autopilot. 


101 





Figure 3.24 Pitch Normal Acceleration ; Uncoupled Pitch Channel; 
Discrete Simplified Estimator Autopilot; Pole-Zero Map. 
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Figure 3.25 Pitch Angular Rate; Uncoupled Pitch Channel; 
Discrete Simplified Estimator Autopilot; Pole-Zero Map. 
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Figure 3.26 Pitch Tail Incidence; Uncoupled Pitch Channel; 
Discrete Simplified Estimator Autopilot; Pole-Zero Map. 
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IV. DISCRETE COUPLED PITCH AND ROLL CHANNEL AUTOPILOTS 


A. GENERAL 

The control design procedures described in chapter II and III were applied 
to systems with one input and one output. The transfer-function approach in 
[Ref. 3] is fundamentally limited to single input/output systems while the 
state-space methods of chapter III were limited to single input/output to 
simplify the procedures. In fact, if one tries to apply the "pole-placement" 
approach of chapter III to a multivariable (more than one input or output) 
system, all the procedures work but the gains, K or L, are not uniquely 
determined by the resulting equations. Until a design approach is available 
which intelligently uses this extra freedom, the pole-placement concept for 
estimator designs for systems with more than one output or for controller 
designs for systems with more than one input has limited value. 

In this chapter the pole placement and robustness design program 
(POPLAR), [Ref. 8] was used as a tool in the design of multivariable systems. 
This program is designed to employ singular value analysis and the use of an 
optimization to aid in pole placement control system design for linear 
multivariable systems. Robustness of the system is also considered by 
establishing singular value levels which correspond to multiloop gain and 
phase margins determined from the universal gain phase diagram developed 


by Newsom and Mukhapadhyay at NASA Langley. 
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B. DESIGN APPROACH AND ANALYSIS OF THE DISCRETE STATE 
FEEDBACK AUTOPILOT 


The first step in any multivariable design should be an attempt to 
find an approximate model consisting of two or more single input/output 
model or else decouple the control law matrix K and the estimator law 
matrix L. This step will give better physical insight into the important 
feedback variables and may lead to a plant description which is 
substantially simpler for design purposes and yet yields no significant 
degradation from an analysis based on the full multivariable system. 

Combining the pitch and roll channel autopilot, the roll channel taken 
from (Ref. 7], a seventeenth (17th) order system is obtained and is shown in 
Appendix E. 

Utilizing Transfer Function Analysis from TRANFUNC option of ORACLS 
and using the combined pitch and roll matrices A, B and K the discrete 
closed loop system was obtained and analyzed according to time responses 


and Pole-Zero Map plots. 


C. PERFORMANCE OF SYSTEM 

The discrete state-feedback eigenvalues, detl zl-A+BK]=0, of the 
coupled system, obtained from Transfer Function Analysis option of 
ORACLS, are: 


z, = 0.134462 + j 0.032074 (IV.C-1) 
25 = 0.134462 - j 0.0320974 (IV.C-2) 
23 = 0.896990 + j 0.0906457 (IV.C-3) 
24 = 0.896990 - j 0.0906457 (IV.C-4) 
25 = 0953624 + j 0.0299994 (IV.C-5) 
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Ze = 0.953624 - j 0.0299994 
به‎ 2 2 

Zg = 1.000000 

Zg = 0.995608 + j 0.0830713 
210= 0.995608 - j 0.0830713 
2145 0.0993066 

2192 0.836553 + j 7 
214= 0.836553 – ј 0.306107 
z,4- 0.957788 * j 0.0334452 
21== 0.967788 – ј 0.0334452 
216= 0.895730 

2,7: 0.938133 


Since all the poles are inside the unit circle the coupled system is 


stable. 


Figures 4.1 through 4.3 show the closed loop time responses of pitch 
normal acceleration (n.), pitch angular rate (q) and pitch tail incidence (8,). 


An input step function representing “1 gee” was used. All the responses are 


identical to those obtained for the uncoupled pitch channel and therethore 


they meet the desired requirements. 


Figures 4.4 through 4.6 show the Pole-Zero Map of n,, q and A 
respectively. The poles of the system are given by equations IV.C- 1 through 
IV.C-17 and they are the same as the uncoupled closed loop poles (equations 
111.B.2-11 through 111.B.2-20). There are no real zeros in the state feedback 


coupled system. 
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Figure 4.1 Pitch Normal Acceleration vs Time; Coupled Pitch and Roll 


Chennels; Discrete State-Feedback Autopilot. 
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Figure 42 Pitch Angular Rate vs Time; Coupled Pitch and Roll Channels; 
Discrete State-Feedback Autopilot. 
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Figure 43 Pitch Tail Incidence vs Time; Coupled Pitch and Roll Channels; 
Discrete State-Feedback Autopilot. 
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Figure 4.4 Pitch Normal Acceleration ; Coupled Pitch and Roll Channels; 
Discrete State-Feedback Autopilot; Pole-Zero Map. 
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Figure 4.5 Pitch Angular Rate; Coupled Pitch and Roll Channels; 
Discrete State-Feedback Autopilot; Pole-Zero Map. | 
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Figure 46 Pitch Tail Incidence; Coupled Pitch and Roll Channels; 
Discrete State-Feedback Autopilot; Pole-Zero Map. 
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D. ROBUSTNESS OF SYSTEM 

With the rising interest in multivariable control theory brought on by 
increasingly complex systems the need has arisen to develop design methods 
that will allow the designer to specify system performance while at the 
same time ensuring relatively high stability margins or robustness. In the 
single-input-single-output (SISO) case the designer has had the tools to do 
these tradeoffs in the form of Nyquist, Bode and root-locus plots. In the 
multi-input-multi-output (MIMO) case the classical methods are not totally 
appropriate. 

With the increased interest in MIMO systems numerous methods of design 
have been employed to obtain suitable system performance and robustness 
with varying degrees of success. One primary method of design is to keep 
the plant as decoupled as possible throughout the design so that each 
individual element may be controlled independently and designed essentially 
as a single loop system. In another procedure the multiloop system 15 
modified into a system that has diagonal elements that are much larger than 
any off-diagonal elements. This diagonally dominant system is then in a 
form where conventional Nyquist type techniques can be employed in the 
analysis. A third common MIMO design method is that of the Linear Quadratic 
(LQ) method. This method uses a quadratic cost functional and 
optimamization principles to allow the designer to design for various 
performance levels by adjusting the matrix weighting terms used in the 
cost function. The major difficulty with all of the above methods is that 
they are not necessarily robust. This is especially true for cross-coupling 


terms between loops. 
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A simple interpretation of robustness is the ability of a system to 
tolerate design pertubations. These pertubations could be in the form of 
actuator failures, plant parameter uncertainty, unmodeled dynamic or 
nonlinear terms, or any one of many other pertubations to the nominal 
design of the system. 

The analysis of the robustness of the system was obtained using the Pole 
Placement and Robustness Design Program (POPLAR) developed in [Ref. 8]. 

Utilizing the above program and using the data file shown in Appendix F 
for the state feedback autopilot, and the data file shown in Appendix G for 
the estimator autopilot, the system found to be robust. 

Figures 4.7 and 48 show the Minimum Additive Output Singular Value 
(SVADMO) vs frequency for the state feedback and estimator designed 
autopilots respectively. It is noted that for very low frequencies the values 
of SVADMO are above 0.80680 and 0.85976 for each of the designs. 

Figures 4.9 and 410 show the Minimum Additive Input Singular Value 
(MIN.ADD.IN.SV) vs frequency for the state feedback and estimator designed 
autopilots respectively. 

In the case of state feedback autopilot the ordered complex eigenvalues 


(input), and the ordered computed eigenvalues (output) are: 


Ordered input red output 
-0.01000 + j 1.00000 0.09931 
0.09928 0.13446 - j 0.02210 
0.13199 - j 0.03194 0.13446 + | 0.03210 
0.13199 + j 0.03194 0.83653 - j 0.30610 
0.83522 - | 0.30974 0.83653 + j 0.30610 
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Figure 4.7 SVADMO vs Frequency; Coupled Pitch and Roll Channels: 
Discrete State-Feedbeck Autopilot. 
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Figure 4.8 SVADMO vs Frequency; Coupled Pitch and Roll Channels; 
Discrete Estimator Autopilot. 
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Figure 49  MIN.ADD.IN.SV vs Frequency; Coupled Pitch and Roll Channels; 
Discrete State-Feedback Autopilot. 
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Figure 4.10 MIN.ADD.IN.SV vs Frequency; Coupled Pitch end Rol] Channels; 
Discrete Estimator Autopilot. 
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0.83522.+ j 0.30974 
0.89380 

0.89699 - j 0.09067 
0.89699 + | 0.09067 
0.95363 - | 0.02998 
0.95363 + j 0.02998 
0.96909 - | 0.03286 
0.96909 * | 0.02286 
0.99561 - j 0.08307 
0.99561 * 1 0.08207 
0.99820 

1.00000 


0.89571 
0.89698 - j 0.09064 
0.89698 + j 0.09064 
0.93813 

0.95360 - | 0.03001 
0.95360 + j 0.02001 
0.96776 - | 0.03345 
0.96776 + j 0.03345 
0.99559 - j 0.08307 
0.99559 + j 0.08307 
0.99820 

1.00000 


In the case of the estimator autopilot the ordered complex eigenvalues 
(input) are the same, as in the state feedback autopilot, and the ordered 
computed eigenvalues (output) are: 

Ordered output eigenvalues 
0.0 

0.09855 

0.25923 

0.69508 

0.83707 + j 0.30140 
0.85707 - | 0.50140 
0.89849 

0.90064 

0.93996 
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0.96207 
0.96562 + j 0.0340! 
0.96562 - j 0.03401 
0.99559 + | 0.08307 
0.99559 - | 0.08307 
0.99820 
1.00000 
1.06596 
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Y. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The goal of this thesis was to design and analyze the discrete 
longitudinal autopilots for BTT and STT missiles. 

The following are the principal conclusions based on this work. 

1. The continuous and discrete longitudinal autopilots were proved to 
have identical performances. 

2. The State-Feedback and Estimator autopilots were introduced as 
additional dynamic designs in order to implement control into the original 
system. Both performances were found to meet the desired requirements. 

3. The Simplified State-Feedback and Estimator autopilots reduced the 
complexity of the system, by eliminating returning gain loops, and without 
any significant effects on the system's performanca. 

4. The performance of the Coupled Pitch and Roll channel autopilots was 


found to be satisfactory and also proved to be robust. 


B. RECOMMENDATIONS 

In order to make the whole design even simpler more returning gains 
loops, of the Simplified State-Feedback and Estimator autopilots, must be 
eliminated. A further investigation then must be conducted in order to 


examine whether the performance of the resulting design remain unchange. 
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APPENDIX A 


EOMETRIC AND MASS PROPERTIES OF MISSILE CONFIGURATION 


Weight (Ibs) 2525 
Maximum Diameter (in) 24 
Length (in) 168 
Lex (Slug Ft2) 40 
Ly (Slug Ft2) 804 
[.. (Slug Ft2) 810 
Center of Gravity Distance from Nose (in) 6ة‎ 
Reference Length (Ft) 2 
Reference Area (Ft2). 7 
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APPENDIX C 


PROGRAM LOGIC FOR COMPUTING CONTROL LAW K VIA ACKERMANN'S FORMULA 


| Read in À, B, T, and N,, the number of states. 

2. Comment: first we will read in the desired pole location in the 
plane,convert them to z-plane polynomial coefficients, and construct 
OLA). 

3 | < identity matrix, N¿ x N, 

4 ALPHA < | 

| ې م 5 

6. if k > Ng, go to step 18. 

7 Read in pole location k as a*jb. 

O |1 Ы=0, go to step 14. 

9 A, © -2 exp(aT)cos(bT) 

10. A> © exp(2aT) 

11. ALPHA * ALPHA x (Ax A * A,A +Aol) 

5 0 € k?:2 

13. Goto step 6. 

14. A, “€ expiaT) 

15. ALPHA €“ ALPHA x(A - 41 x 1) 

i Kerr v 

17. Goto step 6. 


18. Comment: now we construct the controllability matrix. 
19 utt 
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20. 
21: 
22 
2. 
24. 
22 
20. 


27. 
20. 


29. 
30. 
o. 
32. 


E E 8 

Kk ww | 

If K » N,, go to step 26. 

Comment: replace column k of C by E. 
Cİ Bİ E 

ke Bg 

E << AXE 

Go to step 22. 

Comment: now solve for the control law, first form ef, as the last 
row of | 

E € IN; ) 

Solve DC = E for D. 

K = D x ALPHA 

END 
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APPENDIX D 


COMPUTER PROGRAM FOR APPLICATION OF ACKERMANNS FORMULA 


ACKERMAN aATrIV al 


FUE 


C301 300 03 73037 3000) 7000 0 007 30 0 73002 73 720000 00 00 0372730733730 0 730 0000 0730720 03020300009 000000 00 1373000723 09013 00073 و ن نی و‎ 
ANTA FIN CA PRO NANA $ DN ODA D.N.) mer FIN OF™- OT یح ہے رن‎ ج٦‎ ANA یہ 0ہ ح رر ہم بح‎ ہ٦‎ ۴ N می ن ح رح مب یې ۹ طحلينت م2 م0‎ J" ہیں ئ ۶غ‎ O FO =7 d 
ي ه هره ص۴ ۲ 0۶ء یم یہ یحم یح پہرم ہم یم یہ یخ بے مم مہ ہے تناب بم ف فل ف قي تی 70ن 7:32 ره‎ GFE FY FF FFF SINNOTT SO OO O € 9 0600 آ‎ ٢ ٢٣ 
SANIDAD o AA 09.3 Уб) 23000 070 70 3 60 9 330 3 9090 97 7 0 0 2 0770097000 7 60 د کح کد د د 2 226 9 ہی‎ 
0 05000 3100230 3760 0000606 3204030030132 0B50 0000590 2 CC 72” 2227 277 A (0 9 (حه)( وه‎ 
(64 CC € € € xc بی‎ dd € € € € cx € € € L NJL OX CCN CC CN EL “iz ıı Co ıı € €£$€e ııı a a oa يی‎ EL € €. E 
( 93-23 3U2: 31 3302: 31 13: 31 € 34 3Ü30 تاراب رت( رب ری بلب‎ Da Ya IDDIE IJODI PODE DO IODO DU DL DUDA 9609€ 29,90€ 2C 9€ 2C 2C 2 € bt € Ft 2€ X4 2€ X« DCD 363 


36 «V. 
34.30 30 30 3t 
ft Zi d et E e E ef det Ta Tei ei etefetsteteet 1ه ا 3 ته 1.ته) جرب‎ *1 -1 7“ .] »1 e E پو لپ‎ E E O گے ٤۔ >> > 1» 1ه 3 مه په له په له ګ. د ېه له له مس له ) . په په‎ 


SC 
- NJ 
^7 - 
T "3 
بب‎ N 
Ll. سه‎ — 
ED X o 
em صر‎ ۰ 
Xu... > کو‎ 
چو وم‎ — CH 
NN 2 — — 
м-ә Ny - جم‎ 
€) x e . “1 — 
No 0 = pO لا‎ 
رت‎ Gi vy 0 A 
{~ - — — = 
H^ 3 — - 
AS <1 ЫЈ O 
اك — م ل‎ -Ј — لہ‎ 
ND. *) 5 о Y ® 
eN CM Sal ac لما‎ [ot 
سييهت ممصم‎ > — = 
GL O للا‎ C3 e (iy 
mn رح‎ =) us O Ka 
ee E 3 e rN “1 
Qe t a. مم‎ = - 
NO e — ~ ما‎ F о 
لہ سہ‎ > e - - 2 ما وړا‎ ON 
ہم‎ tá X ә = — للا‎ fa - - 
i0 3 0۳ - e LE Gc — о 
ҝә يم‎ LU e o يم سلا پے‎ —— nj 
a ما * کی‎ ra N ил CH e e E 
me Y) f^) <I e boe ید‎ cə ml ил 
кә) JD جوا رم‎ e > > CH لم صم‎ — m 
oo — ил > = e Së) (Y. e ےم‎ e 
—O0 O0 eme tt e - — لا‎ «t1 WY Ka WY 
ey O (7) لنا لا‎ E سا سا‎ 9 a E + > 
— rae Aj o iJ Q = لا - ې‎ Xİ > — o 
1) e» po م يم مم‎ — Ə سا‎ > .. LO 7 02 
EO em T په‎ E — هم‎ (x 3 Së Y سے = = مغ‎ 
WU e Y y Fu e - ما‎ = «t <q + > مم‎ > 
هدايم‎ e ge LUH ul - - «t CH m D. SE ro WY ~ Uv مج‎ 
"ade دل‎ 2. = — o 2l r y سم ہمہ يم 7 نے‎ En "YD He و‎ 
AN TN =D A ziz «t سصاک کے - ما 2( — بدا م‎ - . 
سل 3م» مهم‎ DZ X x n. сә = D 4 “1 “1 (29: Se ېډه‎ Ht + < مم‎ 
NED سم ہے‎ x سم‎ O د م‎ 5 € HO 6ه‎ —-—— Iı — 
ҹә “ДҺ ¥ UCL اہ‎ SÉ əy. يا‎ əc مس‎ Ho a rg — + ٠ 733 fas = 
ei. e للا‎ Ju) ho eus بس‎ eu) bo ل‎ “(2 = Se o oa — E 
(IL em Cait TE <4 — ras e) mo Z Y (5 (3 CY. وس ما یه لل‎ 2 —— <q للا‎ 
E Li tu BAW > | = әд E لل‎ x . ۰ uJ us فلا‎ T 4 سے۔ ص ہے۔ ص .سم‎ me AA ho 
e Duy = E Zo Uz Fe ~u~ O e 4 سم‎ ~~ —— be A HT r-x Zza 
Nea Zu A Lema "3 ہے‎ We “7 € MAN tt " t O Oo DO LA UNO “Tr U e i! 
at - ul mia) « م‎ etu CO e e m بے مس © رو‎ Oo sfiu Xi Y 80 5+ #4 ہیں‎ 7Z ZU ۱١١ ١ ہے ےل‎ ond ame 
2 "on فم |( |ا مه‎ DG a برام‎ o o Lu هس‎ e BHNS و ہہ‎ ә W - $ JA. مہ م ہس ج > رے © > ف‎ ل١‎ ١ 5 
* Nr ue L—7 *.-f-—uJ'u-* . dB AN “О po es UU) ہم‎ O0 Oe “a QWUN LS یرنه رریربب- جه وه يدف‎ eu 
x <q Z aZ ao 0-122: 20 Om DDE İL ili uyma A puro MOD 5و‎ — J~ DEDE WU ess? — О 
uJ e әнм-ӧ-ҹали et یبا‎ LI тәк :سرب گے ہم لا ٭‎ >> ea > مويو يال يم‎ ADP OAL 
сә LL. هو‎ cho 441 ООЈЈ:4 *-*—-1 (0-4Јј 4 2201 — aq J -19mm X D UWA eui«( Dx له‎ ere OO «I 
تہ دبہ لے دا‎ 2 zz 3.700) DD) -riDFFONNRIOrz20 “ti o-T eh] سه ټامام‎ — 2:29 x 0.5 — b ua CN 0000 مم 1 قا ۵ل‎ 
مہ کے 1“ 1~ 1 سم‎ «T «1 کے سے‎ 2 Ia st re | a em Za س به خ به سا‎ ни 4-4 ehee ZZ = سح ای‎ 
ZULU = UYU TO OLDU DESC) x u:3”2 4 Ər3u. — ()0)س اډ سا ړت رل‎ (١٧١ 2 CDVYOWLstvodat O) 00 «4590-30 
— Y D ec cce ELLXOSJTOORLLADVDIL LOGO LX Ен аын يال >> ىہ‎ OVVJA MIL 
da — (0. = = «t1 
22 E x So — = > 
- => () HO n oo o = uy +40 
10 © ف كه‎ Lo C9 CH (n Y 22 © 
C) — بسدیہ‎ —i شش رلم‎ UY (О + + DN “00 
5 et 
A WOW 2 Ə Co WUC) o ف‎ uU 


127 


AATF IV Al 


ACKERMAN 


PILE: 


1 0 مه می د r‏ ی نی (پ هقی هه د مغ مهم حا هب O‏ هج هی جح ک0 می حم هه حم ےم 
IPMN OM NPDAN‏ هلم دل وټ ہہ ح یا ي هې رح سان عن بن لدان یج ۶۹ یہنہن یں و ام د PUN‏ 
“О (2 "О 7: 20 со О O“ 7 C000 775730103072 73200975 2 Ar‏ یم و مجممم ممم مم 
4- ہے سب هسريے اسر پسراښا لېب DOC) DO DO DIO "7972 0 209) ) DO) D uA c cA‏ تر( ہہ وو وم 
el»uelelelelell»leleEe cxeLelmLee: cielefefeleieLiplelP c eie - d$ 9‏ 
سے ZA € € € € € € £”, € Xa oa a XX Xii r a O € A‏ 2 يي ے varıdı‏ 
YU Ct 96 Ot Yr JUD’ J_J 9L 9€ 9C 2C 2L 09€ )JLO C 9€ 9(O« 9€ 2L 02LOUL 2C 2LOLOLOG Xt 9€ ui 2€ OCC )0 9€ 0C 2: )‏ € 
که ته 1« 1» 1> 1< 1< ۰1< (< )په سه وې کې په په )په ېس 1-1=*1*1-1*1=*1:"-1*1-1-1:-1-1:1 1-1-1-14 1 


ت0 
ЫЈ‏ 
سم 
سا 
CH‏ 
cy‏ 
a‏ 
a‏ 
لها 
) 
1< 
e‏ 
O‏ 
ړم 
> 
C3‏ 
ړم 
e‏ 
A‏ 
= 
e‏ 
uN‏ 
2 
- 
1/3 - 
ə‏ 
E om‏ [ 
mal 3‏ — 
ho >‏ — 
o» —‏ )12 
EE Ee‏ 
d “x‏ 1 4 
9I las‏ 73 
eo «UU:‏ 
PP Aq‏ ~ هنح همد 
A) U) ~e UL, o ol)‏ سد 
u—‏ —-5 
TA AI I )‏ م ېد 
وو رت ١‏ سی DA‏ 


—— d ——»5c€ 
NU “2٦ 2 CH el seg sf 
+ C)?X e An اد" د تت‎ 


etl پس زي‎ 
ra A مہ‎ YT 


-—  —. 7 


B 
— 


6 مم 


0 
oo 
مم‎ 


асы 


a) 
— 


——. 


un 


€ — سم‎ 
Fe ۱۲۱۷ للا‎ 
Omo 


e pm, ZB 


سے 
E‏ 
للا 
سا 
e‏ 
о‏ 
لہ 
تا 
e‏ 
)^ 
لہ 
m‏ 
ə‏ 
لہ 
— 
WY‏ 
Z‏ 
zn‏ 
= 
للا 
اا سا 
I —”‏ 
EA e‏ 
o VU)‏ 
с.ә‏ حص 
-—. لا 
LL. e‏ 
J mat‏ 
гәсҹи ни‏ 
Ena‏ 
E‏ > 


LOL On o 
هغرام‎ ato + يم سول‎ a 
A 
١ دنه لن‎ ECH roor ۔-‎ ۱ا٣٣ن-‎ A OCH H 8 
عځال اد هن ځا 4ه لل مسان هن 4 ن ےا‎ OV یہی بے با‎ 


N © 
N ہے‎ 


م ری 
гу) --4‏ 


(C»229 v9 «S» Syn, 0,5 220» S, وځ‎ HEM) 


INF 


дә) 
نہ‎ 


ə —) 


оЈ 


3NSS,NS 
AL P Hà » 1 


E, J,1 
Dr: 


(E, 
(oF 


VECTOR 
=1,N3) 


CONT «UL GAIN 
(UK, 1, 2)»5J 


SENTRY 


128 


UPLED PITCH AND ROLL CHANNEL 


APPENDIX E 
PILOTS 


A 


GITAL CONVERSION OF 


ANALOG T 


A 


. 


бә 


b = fd Sir LT 0" 1 ۸( ول٢ ولل‎ ۱1۷5 ٦٢ 
A SIDE? و رہ ۱> ۶۶ں رہپ درو‎ 2۱0۰1۰1۳ ۲٣۹۱1۰٢ ۹۹ے‎ E ANO 


)0 3000000909 ”0 00+000 0 * 5 
reas 0DRo02"1 004 300C0C00°0 
C9427) 0009840 09:3060200070 
105 ۱۱0 9 CCr3CC0C6000”0 
10: 36000C€ 1 و‎ 0)) 9 
AL et oe Te rea, 00+3000000C*0 
C4390 006%°9O 70 “O 8) NA 
E Cn« 39000209 *9 00+300000C0*0 
(04 40000009" 0 160-36061609 * © 
(09: 3000020270 00:30C060(0 € 
cov 0700709 *0 00460 
CovJ00 900902 * C n^«30000000*9 
60507 0C0€C3”F” 0004 O O 
(809 40n 002C2 “0 ((0:170100 0070 
COT 0007000 0 و 3۲۳۰۱۸021 ٭ں‎ 
0)0 ۷۶۷ھ‎ O OC I NONE CETTE 
(Оз З"ОССсСОС * О 0000 0 
5۹ ۷0 2 530) 11 Y IM 1٢٢ 2 
gür 3ÜC00/:90”1—... oC” 1 (0:470C7200 0 
00410006(000”0 0043230606 00070 00430n06000“0 00 06000٤ ) 4 *0 )) 8 4 ED ))۳ 4 ی۹‎ ٢ 
0043600000C*C 00+30000000*0 0ْ 6) ء۲١‎ WE ۹۹7۶۳ 0)  )))06٤6آ‎ GN4 a°ccrecod °C 6)0 00 - 9 ۹۹۹ O 
SOTO TS OC COIS 1- 1°+20¢8 1- 
1C:3007816” “1 7۶۳۲۰0۲۷ ۶ TO=300 08 9G. "1T-) UC ek 609 306 COCOR -O 004-۹٨۸٩ وه‎ ۶ د٢‎ 
00+30900000*0 00+490000C00º0 )تا‎ ١١ P 00+3000C000*0 00 +30000C(00*0 60390 00000 D E (630000 
190-001 £t €” 0009 یی‎ )۷ ۰۲ 00+T1000F000*9- 
00 ۰ ۱۱۶۰۳۹ 0 (4 30C OOC 0 00+70000000*0 006470ГСООРО”С 004 AEN CO4 207090 ° 9 0) ۶2:10) 0 0٧ ١ 
00+3C000C00°C 6)0 ۵ 000) ۲)0 15 0 ")2د‎ O ۹۸٩ ۹60 Qo Ugon^no*9 004 0000000 
12-20 ORR ECO b= 4 110 до0430:Г00000* 0 
00+300€0000ºG- 10-3060691€”£ 10=800026080*Р- 1(-30С06206*1- (CEFIONADOCO "^C CC + “06 06070 ”” 0 SNACH RO 
004000000006 001 24) ) ) 000 0١0+ 0)0 et 2 COC CORR oC 609230060С02 "0 0037 03 n MO+4 ٤ 
0N+JOCONONO*O 00+32000070*0 002930С00000*0 
00+۰300 00 0C930C600060”8- 10+20000097º1- 06۳ ٣ ١۸م‎ 0) ۹ 4 ؤ ؤ‎ , 06 ٤ 004 ۶۵۰۵ء‎ 00+ 4000000920 
0ت‎ 0۰۲۷۹۷٦ 000(۲ 0043C0C CO00 °C 00+=00C9000*( 0ئ٣"‎ ۷)) ۴۵ CUO 4 +1) ٣۳ ۰۰۰۰۲۰) ۴‌م0"۲)‎ 094370C0000“0 
09420000060 °0 00% 360000009 °0 0C-+30000000*N 
00+3666 0 C0«30Ccocnoo*0 (1032100 00000 70 0173 1 ٢٢ T د00‎ 00 Ona H ۹٩٩١3 OC OC hao 
DOC SO CR C0+30C 00000 *0 H+ ٥۹۸٧٥ 2: :0000 fC” E ane3coccacoc o 772 ٔ 05+ +۲00 5 
Ooo screen 0606+ 8۹4 0۲٢۹ O 
00940C0000€ “0 C0+ 2000000C*0 0020 n 00+39C000000*0 00+-20090N0C *0 OC VeRO CCOOC °C ۲۲+360 6) ۶6۴ 
00 30 000 ٣ 00۲۹30600000 0 00 ۴ 060 SE 00720000000 ) 7 00) 00+3۲6 66600 
0٠ہ‎ 30 00 0000 00+ 30000000 °C 0 9 OT 
CO+ 30000000 °0 00 0 0004000 11۴ +3(500CN0*C 003 20 0000C€ ”0 704-00274900*6–- 20930062118*Р 
00+3C000000*ºT- 630) ۸۹0 کی‎ 01 °C ۹٢ د‎ * О MOR 00760”C€ 00+430 و‎ 
(0«3060C0C2*C COs 1C9 05000" 00 0 ب,‎ ٢٣ 
00+ 300906060 *6 00+30000000*0 00+300€0000*0 OPTE ۷ٰ۵ DEE ER A A = 
00+ 300 0060006 * 0۱3606 000 TO-3000P 60^ 90 Се  ЈСОСЕРТ 2 10-10009040,*6- (“42cC90(0((?”Z- 10-3CO€(£29”9- 
C(4 30C 000009 °0 004 1101 * 0 ۲0۱0 0 ٥0 
0٥٠+ (00 0 ۴۳ 00+360 0 0 0043006000660 تج0)4‎ ٢)) C 0۲)+ 0 60 2049 200200688*1 20932000968*1- 
00 263 000 ۹4 00+300C00000*0 001۸3 ۲٣ ems 3000900^0*0 00 0) OOO 00 د‎ ”0 00+2€000000º0 
00 4)0 0 004 100(С00И" О 00:3000C00070 
٭00‎ 300606066 0 0) «0 00430^0000C*0 00430000003 6 0 0 O ھ00‎ ۶ О (tan )( "۲ ے‎ 
16-3029F16671- 10930( 46969 78- 009 300C000C "0. 0054306000 GU CO 10000000 * 0 00:-::0:0600”( eus 3CODC S00*0 
(Сә20200000*0 004 00000000 02930020000"0 
00430000000 “0 C0+30000000*0 00+30000000 *0 009 3130000006 € 00+30(00000*0 ) 0 IC-A3g9C CODO T - 
001000 ۹ 0030006000 ”0 00+ 10 060000 00 0 °0 ти 0 ۳۴ 00 110000 ” € 00«300000CO*9 
۴۲+0000 00+30000000º0 00+30000000º0 
004306 600,6۴0 00+3CC00000*0 00+300000C0º0 IC CCC TT 00+s INCOOOCCO*C 00 ی۹٤٢٣‎ 004 310) | 14 ٢ 
0C+ 302 0000-6 0 0ه‎ İC- 0081055” ٢ 1C*30CI 666 ^e ۷۹۹۰ی ۶ 00) 60+ ھھھھ‎ Cris COO 0 
٤ 2٧0 004 - C ) 01 ۵٥ 
00+ 306060060 * 6 CO+TOCOROCO"O 00+ 30006000 6 00200000602 * © e+ 3AGCOC CNC *C Ф191, COD * 6 1093СС16926*6- 
600302 6 ۶۴ ۲0۱+ 30000 00+ 30000000” 1 FEST IE )۱٩ ۴٨٠ OC ə 30C 0C€ 00 "0 00+ 1) (0 
) 40ھ000 0000000 له‎ +1 ` 0:410) )٩ E 
00+30000000*0 00+000 0 00«30000000*0 OC? IC OCCO CE 00+20(00Cr0*0 00: 3200602706 ” 00 О 
0 3000000 €” € (09306 CCOOT ”0 0044  ) 0 )۷مم ۴ "۳"۳۰۹م")‎ ۳ NA + 20070000 * 6- Rds 3 OTOCOO * o Oe 2 000021 S°9- 
Et + + + 6 00+ 3000 ° 0 004 CODEC 
00۸ 3)) "О 0 0+ 3000000. 009 300000С0*0 هدنك‎ COCHET Cn«4ncoocoo*c NOI ACOTO”) OC +300 COT O 
CO+ICICOACON? су 00+300€0000º0C 0 ې 00 ه6‎ 0) ۶ 3)00 0) O (89 30 0C0600 ”1 007507 7000” € 07: 1C 0016 $€ ”1 
۹3069900 0ھ‎ 6009 3000406070 02:20C00000”0 
00+ 30000 Cos@ocerconoern 00+300000F0*0 00+ ۹۳ھ‎ eC F320 "T 204 0224" О C0:370CC (071 
0O0 + 3400 0 ۹0 00+4I0000N000º0 00+3009€000º0 0)0 ELE GE nas "0 COSE OCOCOO * C ۹ -= 
۹900 11 ia ۲ XİMH 1 Vh 3 


Shy HOI Mé CITI [pes e eir» ee sm T ws *** (ҺАН) 40 مسوم‎ at [ fi^ N | 3713 SINE I vVWidO 


129 


= > E с) 122) حم‎ CH e O o = ې‎ u^ = نہ‎ — о 
م‎ ә Ə m) = Ge? D O о о ھی‎ =) CH ge, o = CH 
+ + + + + + + = + + | ١ ١ ۱ I 1 + 
kw I sw CW u Na ~U Ou UN NU OB OE GG O 
دس او‎ “Q CO oe OQ (^ DGO S496 2) CS جب‎ = he OC Qu cw 
e In ١ © 13 ١ 2 1 1D TO (CH |o + * 20 +0 +4 ليه‎ P مدا له‎ * 0) 
2 yO ہیں‎ uo. uo uo u2 VS لنا‎ LÜ صا وت رن" ںی‎ uU قافنا‎ 
As D^ Des U^ DO FO DO > a even IC ”———.:: 
کیہ‎ YS CD OD MI PFO ہی‎ Lo na So oo تی‎ ON OG IOS OS ON 
“O AI POÇO "2 DO PO NO AD JO SSG ON OOS OES SMM 03 
"oO IDO 02:71“ $ ve FO GOS NO ےط ہی ہی یہی‎ OS 
Le So $. Pe هو‎ Me me He Ne We MWe Oe Of Be De Oe Me Deo 
WD وس‎ TO NO YO YO vo “O LO MO ON O" ہی‎ DA a O... OW 
c A ə = ra لم $ — = يم‎ e o O ١ (9 E? © © 
e 0 e * € e 9 * * * . 4 4 4 4 4 e 
ə. ۶ يم‎ — = on o م‎ cul — Ei > gö O o o o 
| 3 | 3 mc o 2 o o “ə m o = e" u^ + لہ‎ 
3 2 > 3 6 O о о D o © о о o CH =) ə 
+ + + + + + + + + + ۱ 1 | | ۱ i ۱ 
Sy IN WI ~w OL eau —uj "uy OW mu Ow Ow ساد‎ Ou DU Ow Ow 
“ooo NO OO ØO OO OO Ot) 2° OO Sagoo NN) وح‎ OSS Ol 5-2 
۱ y ay 1 mə | o im ١5 TƏ VS VO 41M m HN كمي‎ +N +O +T 
wO IVD Wo wo WO WO WD WO wo uo wo wea wr WN WA Wo مللا‎ 
wc M AS DO PO PAS Co ASO WO Fen Gee) 32-12 0^ 225 
وم موہ‎ #9 mI ND DO ә DO HO O OT OD SD »هچو‎ OGD it 
SAA دنه‎ q (alanı OS DD NO DO VD EN O00 OF DE بب ہچ لد‎ = 
ə ےی جج یی ےہ موہ‎ AG lala la No O TOS ON DO SR يكت‎ IC 
ہہ‎ e = o 3e o + “6 ای١‎ e N e ri € me کک‎ e (e 1 e Q s 7305: Toe De D ٠ 
An OND TO) MD Ao oO NO OO OO DO G= Om OC CR EM CO QN 
+ $ — o — C u^ 3 يم‎ f © о (2) = SCH © © 
e ә * e e 9 * * . e e e . e. * * . 
= о e — — o يم سم ما‎ em о о о с CH 2 o 
=) > ١ 5 E ١ 5 © 1١ 2 |o ID O en - = یہ‎ + m یہ‎ 
5) =) 2 2 CH CH = о о о = =) © Ə = ə rə 
+ + + + - * + + + + ١ ١ ١ ۱ ١ i ١ 
ey Aw EU NU =y AUL NU mw MU Nus Ol Ow uy Ow OW OW JJ 
DO 39 OF oF 299 05 OO ƏQ Oz CC GO e OO near 
10 ١ 2 1 ١ 3 nə 13 Mo ١ 2 | 5 1D +0 èN + +m sm ^ 
لا‎ uo ws UVO W W2 یق ہے رن جے ۷ جے ول‎ lz ЈЈЕ- us 4400 JD WF 
AJ Mn AS LO => FD OO Raro SS SN CS DA OM Sins SS 
"^C OO no PO nO 720° ریہ‎ DO 0 ضهن‎ Ba OS On Ch 7 m 5 
“XX “O -D 0) ТО - 79 SD FS 25 نج‎ eo a ید‎ 39° GOS O 686 
39 m39 PM PD an NI F co ہے اج‎ FO Sn OR De سے ہے‎ ıı قح‎ 
Ne yə Me Ne Me e me يه‎ ٠ه‎ mme ه 5 به عي‎ © CU. De De Os Fse 
DICE E) م‎ =) то NOD =V PO OO 0 ON سه‎ DN D= mo 
2 rr) - - o + c UN — یہ‎ “| © ^?! o» EI, TX! 
e e 9. e $ 9 e e e e 9 9 9 9 è e . 
UN ^d مد‎ — D ص‎ = N + — CH ço a C E e دچ‎ 
١ 2 iv 2 ə о | M о => ١١ = N m A + لم وم‎ 
> o = 3 CH 3 = SCH =) о о =) = ey Ge? O CH 
A A A A » + + E + + 1 ۱ ۱ ۱ ١ ١ ١ 
لاك‎ -fül y ~w aw uy NW Nb wu Na Ou يدت بر‎ DW Sw 33 لل‎ 
AD AD OND aso O^ DRA GO DO m 1 عن كه‎ sous ma 
١ د‎ LO 113 t” 5 pac 15 Пис [SO 0105 4 ),ğı x Xo f o باه‎ 
HCH Wo Den U USD uu) VOO WD WO WO WD mo JO we US WM iu 
OD Of =N NO =O N 5D CS FO 0N OM oras 20 Dn مت‎ 
DA, 20 SS ODO OD NOS MCE کہ‎ од 0 Ce Sen Qo DO) OT С0С0 Qtr 
ND BO OND AD AD NS mo ISA 20 Xu XL C c Xo» 
ND 99 DO SINO AS 22 FOCO ÜYƏ 2T ORM GN me so Do لو‎ 
— و به هم‎ No "o $. Ne 9 رم => هم پر د‎ Ne S5. Or O. С0 ев "10 6 С) 9 و د‎ 
وې‎ aD (MO aN NI NODO AD FO 50 nO On O= On OT سوت‎ De MORO 
ہی‎ Y» مم‎ ma MN $ يم‎ u^ ua + ә a ə 21 ә | وه‎ um 
* 9 e e e 4 9 9 e 4 * e 4 . 9. . . 
م‎ — “O م ^ ہم‎ m — AJ سم‎ CH D c z CH о O 
wm HIND ND IPINDNIIADINDINANSI NO ADIDO Or OL DADO DIA ON 
MES کہ وک‎ AA) ےھ‎ BS SS الا‎ a) ووا لو دت ات ګر لت‎ c3 ES ته د‎ y 
| + | + | + | + | + | + | + | + | + * + | ^ 1 > | + | > | + |. > | 
٠ر یہند‎ АЈ иј یں یئ یں ہ بد ںی + یں بں ج لا‎ ls gy NN OO Ow WO азыз О ә ЫЈ yu SO uu 
YO ODN 2 HOO يې‎ OH بت نہ ن ني هو هه ټضمېمج 3 ن هو صا ده هن 2( یہن‎ NDDOOTNOODO ONDINA 
anı... UDİ INDI 1 0721 ^72 |) هك ع ۹ -ہ> یہی و ھ ہے ہہ سس ۔د وہ ھ ۵ قت +0607 و واب‎ 0 
ہے و‎ cuş DUNOJ ODVODNI UFU OL FTF ree يلاك‎ 2 TC NEUEN UIT SL شه‎ 
“4” DANOS r DIONCANDO SS امه د ہے وچ مہم ہے وہ ےی‎ DO ISSO ADA ASA 
SAD DEDO DUNA DINTONT DONO Dre Do OG DODTOIO! OODIANDOONDINDO $ 
7.6) ۸ 207 Po DUNN DP JIN NINO OPS بات ب‎ ANO SAA ии 1 د خم هم‎ 
دزن یی کب ر.‎ = DO IDO DD a 172 “0:7 کد لس ۷٣م د 5 د 55555 5ت 9 5 يرد كم‎ ٢٢ ۶ ٢ də, 
8 ه‎ ٢ سوه تعوو دنو ه چو د لو ه‎ a RED é foro EE SE 


Pa TS Im A DO FEF Om NDANONNONDONLOPLNDO=+0IONOOMNOONCONIDNIDO =D 
|o D | c 


—” zı مد‎ "A م‎ a يم‎ N 31 — 3 5 ^3 ı o 
e 9 e e 0 e e é 0 9 4 e . . 0 e e 
P ہے‎ o - ںہ ہے ہی نے‎ $ E о 2 ә Ə о 2ے‎ D 
ND NI =D =J= NO ,ہج‎ *-д14 "ә OO OO ON Of D+ O Om Q- 
DD DO 990902990 DO خضت ہے‎ 25) 90 dele) oyre ie) (eye) DA EA a, 
لپ‎ + ES | + | | + 1+ + + | + | + + + + + S > | +i * | ے٦‎ ++ 
NY ILEUS FOOLS VF بر رر‎ Ni SN AN ee at yu Dura LO uu tT att ob 
.33 ہ6 فی ے‎ 5 5 oo oa Hen دک ری ہہ‎ o ie e هام هت‎ o ہے‎ e o Se oe] Se o د‎ 
2100 24ЈЈӘ1 څخ د بین ٰ3 نی له به ج )هم )هدنم وهي مز د ہہ رہ مسر دم‎ Dər or 
JON UPO LUSO OOO DU = OID LES OUI UNOS ODS SINO COD POO DS QI نن‎ 089] 02 c 
LCE == DU رے ہہ‎ m حم و‎ yir “YE ہے‎ ə yın 2 NOD تو‎ O NN 
“тә NINA DP M0 00 000 Dm IAN بے ہے‎ “3 3 OD دك‎ 003 0 “MC” O “3 OO هد ے‎ 2”9”5 He Cl 
—“ r93”097 "NO €“ 3 ہہ ہے جح ہے وہ ہہ دہ مړ 470479 29.973730 ےد ی ېسو کح ۲م همح‎ 0 D IM 
بے‎ Pr fra ہے ہے(ہ‎ eo o o e a 360000 0 S 0 Dn 0060100 کد 0 د جم رہ دن ہا‎ ии 
~) o eCG e eT) q gf e eh e $€”) 0 0) 6 og" ә edi o 9. 2ه و نه ه لو و‎ 0 4) e e X e e CO e 92) 6 6 
INN IDNA DO TD “YOD A وا ٥ه م272 م2ام دن د هه هي دوم د نو جا صم مان ون یه ته هه و‎ 
O | 7 o” co | T) JI Joy 2 2 سم‎ j T) о O to Os e Ə 
e 9 9 ٠ e 9. * * e 9 9 9 9 9 4 e e 
A - E + T ent 2 = ہم لم‎ o ә <) y D о 5 
909 NDI =O ويم ه4سس, 5مس‎ 55 M جكب‎ OD OS 034 DN) DN De ه بت‎ 
"az SO وص‎ 5 pe 5 SOIS Co DO 3 2 17 . 27 ә 
— له‎ + | + 1 + | + ١ | + | + ı + + + | A tod ۱ + + 
«aM JUN WU JU VU NO gre ee O o I 
e TD IO3 ND 0 2:5 “2” “yo 27 M Q هت وح همه ده 2د نخمجحج هه هت‎ INNIS ODI IS 
212141091 تہ ؛ نہ ٥و مربن )همپ مر دح رنه‎ ١ ہن ص2( وا يمه وماك ېم ھ نم‎ De تلاح ھ‎ 
3S بد‎ 2 2 DD UNO OS O ST DAD INDIA لل‎ A TODO DIA DO = QU SS د‎ 
UND POSO FDINOMAOM™ DOINDADODS 9°%9DDIDNOD هياو تی‎ Ə 23 7 خ5‎ 2 > 
3 ےد ہے ہہ سے ے کے جم ے سا 35 005 تج‎ od MO EE 
Y DANDO FOTO مد و ما شك م‎ 2970 0O0--(U ہ6 4> ذ96 جات وه ودد $ هو ویم هه دمه ده ېی مم و‎ 


“22 صقان x‏ 8273 72 2 دوه ٥و‏ ب هبه ته ه ه٥‏ ھ وه ه سن ۸ ن یمان مه ی سس یہ 2010010 ٦ی NADO‏ 


APCD. oN © OF © eM e eu e 90S $ç €” € ه بسو‎ Uy e .)eo OTD e tu pg €(€) gei e "OO s OD o t 
مو ې په‎ NN D) et DONO DDD LIL OA 40OD سان ب يا‎ ŞOO سه د د مه تن د م د نہ ن و تن ته یہ ه‎ 25 
A 2 Wi MI N Qı cc? D Pi Un вә ho | O 2 2 ا‎ (2 ١ 
e ٠ e e. e. ٠ e 9 P ٠ ٠ . e ٠ 9 . . 
= = wn" O = UN - ہے‎ N со о о о о ә о о 


130 


uv 

= 

PE 

® 

=j 

eJ 

ә 

N 
پسم عم پسم وسم وس پس پس پسم پس‎ TY بې‎ API 

4 Los lo Pl Lo د‎ odos | o جچہ‎ a ip 4404 

A III | 

TIIU UI 4J UJUS LIS LALA LS AS LS LA LS U LS 4Ј 

“ADDITION DIE SNS 
“332022 DDS O جک ہی یپ و رم‎ 

ج0 ہم 000 2 5 25 وح م 

ODD د ت د ده‎ 500m BW rman 
TIOVOVIOCO 22220 ته سم رم صلم به‎ 
0099009900 99 Wma — 
ں ہہ ین ےہ طخ ب ن ٗی لد کی ن ی دب ن ہے‎ ۱٦ص‎ 
4 9 9 9 € € € Ф € © € s € € € 6 
232 232200022 0NDN-= NN» 

>< 


ala aaa lalə həə ər həp 2‏ چ بج a‏ وما عد 
هوه هددد ده ده هتو هه وت م 
+ د اې + Ade‏ | | ٥ه‏ 
لداللالد لد Li A DU UU‏ للا 3 
QNO n^ ON ONT DOS O SSS‏ 
NN — UN DD OOO‏ ب NONO‏ 
DO DOC ANADDIDODODOD‏ 
em ДӘ тә 0555095‏ یی O^‏ 
522 ومن مېم ې ری رہ یم بت بن 
وټ ں 0 02 ین ه ده ټوم ییو AYT D‏ 
О‏ ب رہ نا و و tft‏ جح حرم ومح هم وي تہ 
e 99 $ç € € € € € 6 € € € 6 € 6‏ 


کے ن 0 0 0 نا 22 مض م يس حم يم حل ҝ ә‏ 
۱ 1" 1 11 


COUNT 


¡NUMBER 


ME SsAGc 


e 
* 


MESSAGE SUMMARY 


137 


APPENDIX F 


S DATA FILE FOR THE DISCRETE STATE FEEDBACK DESIGNED 


- 


AUTOPILOT 


Al 


FEEDBACK VATA 


ETLE: 


MHO ANDO FNO NO NO AMAO NND MMO MMO NDO ON OOF DOW OON OO OO 
VO | 2» D Ge c ١ ١ ۱ 2 SEH O | (о | | о о о ۱ 
(1 1 ul | ١ للا | | 1 لد‎ UL ЫЈ | ١ للا‎ tu للا للا ا للا‎ ۱ ۱ ۱ uj 
t'I ALt Ue ui WIN SY O Cul thy aa ¡ut do (Ty mn uy ul للا‎ © 
A سے‎ — u^ u^ + — 0 om m+ eo م۹٦‎ No هم سم‎ o لہ‎ — mad 
Ot Q ری ما‎ (o 79 AN FN 00 m.p م م‎ + O N en eo f 
om p- Aa p-n о О UO) NN سي سي‎ th O. م + م — ہے لم وګ‎ 
دما‎ су .3 کہ‎ — ٦ AD Om + > 4 د‎ FN m un ہے‎ e o "m 
To ~ o rü ماو هواد‎ Tu ریہ‎ ( r5 — t^ CN u^ ہم‎ u^ ә 
ОЈ CO he $ نے + ړم سم‎ tm ma o oo یہ‎ 2 CN "O + O o un 
e«t s”) ry د‎ xo T هو‎ en) om no ҹә en) ə ə 2 c — . 
im e N e ə م‎ ə € elf no — ə e — em — 9 сә ~ o ә 5 = 
١ to ,هم اب‎ с | Ley | О و کي ا نہ‎ | — 1 t ад. — GN 4 
NCO FNO Feat sde mm) NO NOO NAO NRO NOO OO OOF DOW OO OON OD سب‎ 
| + | | (9 о | 1O tı || 32 OE (| о о ۱ O 0 O 
1 (UI لا‎ ۲ tiv url ھ7‎ UL) I f r uJ U ۱ ۱ lu 1 1 t 
نو زي‎ DIN wou ‘Uo لا یہ‎ — Dm (LU Lİ UUJ Or Tu) us للا ما‎ LL وړ.‎ 
20 0^ رمرم‎ (t Ne ov حم "8 حم ما‎ .5 fo en O — o N ON f 
(N O eC Spin Oo uyur ام لم‎ rc MN am ə هش‎ 0 O en + — 
۴ت‎ om N + No Nin u^ we rom rn ۹م‎ UN م م سم جح‎ D O m~ 
-4 UN رم مه‎ $ 5 re mo ۳۹م‎ ta ary 20 ما‎ en ود‎ OX ری مي‎ 
++ ed O N ~4 com wh يړ حم‎ uN OS ې م ٦ی سے‎ UN + aD = a О ہم‎ a 
WM "О — DN مہ‎ ۹ Nm “ ™ م یہ‎ qun ON rn o N O سم‎ m لہ‎ 
ee ee ку Һә "To e. e a u^ nJ u^ e e يم‎ o . N t- ما‎ 
AN x e o e f UN ə ra y ده و سر ری‎ ə 9 ممم‎ ə ə 7۹ o ә e 
tı ١ ١ بے ۱ 0 ب نہ‎ (| 14 - 72 ND "| CJ r- | o = - 
MOO NND ——O0 دن بې‎ FHO ANO NOO ANNO MAD NIO ہنیک‎ O00 9204 OOM ههه‎ OOF 
O + oO O | O q о Ni tom tO WI OO CH O O O O (2 
| للا‎ ١ ١ peu tu UJ f | يلا | لاا‎ us | 1 ١ ۱ ١ ۱ t ۱ ۱ 
UIC? uJ U ui O UJ Ni 4Ј 2 UN est UI ہے‎ LJ thy ЫЈ (Ју ړل للا‎ uJ LU 
NO mu کی‎ r na un UN O re — О سم‎ UN Try “O = Iss N eo u^ 
ore ہے ہے‎ u^ ey UN Ps gr rn یہن‎ COM مہ‎ ro oO rü (4 o e c 
Wa r uy يه‎ LN oO + ane an NN "DY ANS a e| m~ N ما‎ co 
Mun یہ‎ mam سمح‎ ON مہ‎ ٦ N f 27 On un D "m سم‎ + T 
O ~~ SU Nt Om وړم ما ما‎ O en fo ~o مي‎ e oo o O O 
ON rd UA ۶م ی‎ no. un Puy ما‎ ٥ Су COIN N O + Q^ u^ Q 
daf NO ہم‎ e هش‎ e پر‎ mM ə N o ey ه‎ e - O (=) م‎ O O CO + 
e 9 e ə Ə zə, ey — ə ef ot N e $ ad ә ۰ o e ə ә ۰ 
UN aN وش‎ | ~ i y بې‎ ҹу | — | | — tı هم $ اسم‎ rm o rn r- e 
OO 
ES 
ب‎ NS9900ONDO 1$LOONMN0DO +!MIOLNOON40OON DO INNOONNODIOMNNOO=41L900+4AWNOONMOO!MNOOMNMOO 
ul O | nə ә | IO خی زي‎ OO ines О Ni ١ 2 یی‎ 11 ui LC 11 
009M IWY fiw w | Juw الك‎ if t | us | W | ا للا لنا ا‎ Fog ЫЈ ЫЈ للا‎ UU لاالنا | للا‎ 
> . wn tuf~ -О رن‎ us O mau ЫЈЫЈ uJuj DU mu لا‎ ou ЈЫЈ NO = mu ON 
4# D DT م‎ O no Pe (O mu ND UN + NO OP ې وي‎ ne e NA 0 هب‎ (5 ۳٣۱ O 
(N مہ‎ to ND fO 4 UN مر‎ zə O Ho ۸۹م‎ xo 03 N:O وم حم‎ u^ بت :4 هم‎ $ 
mo ons mo tono Ne یھ‎ Po UN لہ‎ "90 NN mat eU из со e Pa un ریہ‎ 
هو‎ qua ed Md a? A Om OM ہم ھم‎ UYÜUN 302 o D y NN —r- ON 
“DUN O م بر‎ ~N AWO or م‎ 0 $N Nun سم‎ AN O" o PO oo r-u о 
m7) om ra ON + Uf us$ O ې‎ oo ny مل مم‎ ~4 no ں ہہ‎ ON re e 
(e Oe 0ه‎ O e em $N + و یم +“ و‎ әд an ه ه‎ ə ə er e œ 
ə Ö e f DO ¢ ə — qe ںو‎ ə ə ed ə سرو و یہ‎ N ә ووو‎ NIN —4 ГУ) (Ҹә CN ed 
OOTA mi | UN Tt 2 me ma vo p سم‎ (١ pa em tt | | СУ "| 
0 ə 
m Oz? 
Ram oom QOOMNOO SN 99 ۶۵٢ .یح ٥ت ٭‎ ١۱۶ 7۹۵ ہے- 0 © ماع 0 6 مام 0 و 4 م بعبحہہ و ہہ ہی ہہ‎ 
O-00 Va O | yt O3 O | 14 ١ | OO OO ale It ١ © |o 
^J! | T للاللا‎ tu uJ uJ ١ ١ فلا ا‎ Vanes) ujuj || (| “| ЫЈЫЈ Wu) اللا الد‎ 
Оијиј WJU NW لا‎ 0 vo uJuj Wun u^ م‎ ON ЫЈЫЈ uy us uj: + O لمم‎ Nu Ow 
~ON —r- څې سم‎ «t co Om mA Nw О О ہے ہے‎ — 0 ao u^ Nu Oa N~ to m~ 
NO میم‎ oo — DO مه‎ ha aN ن یہ‎ O mas ام‎ —” om mo Oe oy 
0ه‎ ٥ حن م من جاب‎ AN am O يب‎ Nu UN CO On اماه مہم م‎ mun ےہ‎ OO Ot حم‎ om — 
ə, م ما يم وون و‎ RE? Mmm oom ON nm om مہ‎ MN NO o o PO Fu DIN 
O O NR” Oo ج سم‎ “Po O uyun nm — O“ INO NS Pe کی‎ An Nun MO mo oo 
O orn ~ یا‎ md om Nd Oo —ж MO ړم سم 0 — لہ کپ‎ + md (Q Om PLA To 
N Гул ә m+ ه ه‎ mo هه‎ ON و ہے‎ e ه‎ ə لہ ی عاص ه‎ NO e o ee et əf 
O O”... . en en ee pal mod .. eum —– NN ә و ه‎ 6 ¢ 0 (` — e و ہے‎ 
O ہے ہے سم‎ o ١ ١ ہف‎ 11 nao — 1 | UI mm am هبس‎ | 11 IN ال‎ 
O سے‎ 
— m 


ادا 


Al 


FEEDBACK DATA 


FİLE: 


2.61224395 90 -9 


2-02 


“140091 


- 
- 


497E- 
39€-02 


No 
“ə 
“Tr 
"NO OUOOOOOOO 


ےہ ت5ت 
4- 08€ 
lE- 04‏ 


mF DANO NNN 
مهه )0 ۵ می‎ nmm 
MTO ې‎ CD UA Po UA fo Po 
ې و یہ ری‎ NO سے يه‎ i — OO 
MN مہ‎ eO cO ə ə Ş £ € 
O es Q^ ebe ec به ه‎ 


o 


o 


o 


DO OO OO OOO OO OOO OOO 990 000 090 OO 


1.090222 09E- 00 
1.009000200£-0 


9 
0 


OO ooo OSS 200 0900 000 000 SOS ناك‎ qo 


000-00 ن3 د .1 
1.0000000c-6‏ 


OOS 000 OOO OOO COO 000 (003 


0 
9 


OOo 099090 


1 ٠. 00000 لل - ع008‎ 
|. C)09000€ -0 


0ء ۱۱۱ء۱ و وب Оооо‏ 0 ون ت0 بف جح 3 00 ہ٦000‏ 0ج0 همهت 0 0 ن ن0(0و و یہہ ےج یہ ھ م 
C‏ 


OOOO 
١١ ١ ١ ١ | ١ 
Wd UU ЈЈ 
O — O“ 5 ول ده‎ 
PMY ON NO 
SOM OND gt 
Aq كان‎ f یی ہے سم‎ 
ہے یہ ۹ہ یہ ہے‎ DO O 
OPDIP-O ه‎ 
م م‎ DON 
Əəə Ə © © è 


NON SAINI 


00000 00€ - CU 


>0 00 0 قن ن 2 ا كام ١0١4م‏ روحسم | وى | 


1 ٠0000000 ر-2-‎ 
1 . 06000008 - 


2 3 3 0 © 0 06 042 969 لټر ىد باك وال و و بت تن‎ әс 


1. 000000£- 


OQ "OOO ODO ^C) 


O 000 ooo o 


© OOO OO 


1 -0000000E-00 


00000000000 
CH 


1.0000990E- 


00000002000 


1.00000092-0 


152 


Al 


FEEDBACK DATA 


CICE 


OO 


0 
1 2 0012-8520 


SES eu oca 


۲۰39000 00 


OOS SSO OOO 


OOO 20 OOS 


ODO DO 


200 099 
non 0.0 


OCH 


20090009090000900909000902009 


۱ 
LU 
3 


1.000000 


JOIDA ODO 0 
| ] » + لا‎ + +١ 10090 

МЫЈИЈЫАЈЈЈ”ӘИЈ u'nuj 

OE DO DIDI 

OOO 9290020 

©5593 353 0 352 2 92 

IRA ODIA EN 

20390 .0000005000020 ۱۲39ی ت۱۱( جح ں بت 0 ت۲ت 


ORI OD IG IG o Dm O 0 2 Arne 37783 0 
دج د هی‎ ٠ 250090403045 ( مين م ب جو عاص © صه م‎ 
Əs € $O ə و‎ ٠ e (N سس قز‎ rF- 00 3) 09 OO F-f- ہک۱ ں‎ ی۱۱٢۹,‎ 3 


TFT OUI OG DODD‏ ص فھٌ۔ ی جح نی COOC, AC CHOCO‏ 2 0 ص سس 
a 3T7O 20” Pa‏ | 
02 ہہ ہن در ب و و 5 0 رم رم عن یہ مہ ود ہہ وہ 

r 2703723 2 OY 32 ^ DO» OD 


هو 6 ə‏ 0 0 00 0 000 00 000. 0090009904 
0020000000(3000000 یف۳۶۹ ےٰ۱/ یب O‏ 
١ ١ | ! ! ۱‏ دا رب + ,و + + + + | 
UW UU UJ UJ -L a U‏ 
ههه وهای د تن هده نت ه ده ههام د هقی ههت دت ےہ 
د وت 0 نو دواو و و © نو وتن ته وم 22055255 0 2 
DO O O 090 bh Ma Mun‏ ن یہ۔ط ما نم 6۳۸ ہہ ن ن تن 2 O o‏ دحو د OO‏ 
سح O 20 О"‏ د بب تل دن О" О" 00 20 (ҸҸ) О О‏ 0009920000 
962 بت یہ یہ یہ ООООС-ОӘӘФТС- О“ 0 OO ٠‏ 0 290" 
Om mM O О СӘ СӘ O Olin YUYA S O Yİ“‏ 0909004 )= 


٣ ٩‏ 6وج یی ی 0٧۷‏ ماما ی یہہ ہل و٠‏ ں ٭ بت وزج رو مهم ههن یه 

حن وم ۶ حا رد مع حص یىی مات ОТ‏ )م227۸ حه ېب وب | هو وډ و وه 

9 © © © © © ها م وو © © هو و © هو واو 00000000 

i ۱ 000000-000000000 
oo 


133 


APPENDIX 6 


ATA FILE FOR THE DISCRETE ESTIMALOR DESIGNAN 


INE 


UTOPILOT 


ESTIMATO JaTA 


FILES 


+ 0 


0 


5435213 3 6 05 
SE وج‎ 383 7963 5-2 


-1.3194439E-2 
Ы. 3774424Е- ОЗ 


UON 
N O 


NO 


| ЫЈ 
4 d 
rt 
م هي‎ 
0 
(Мј. 
(nte 
C^ u^ 
N ə 


E t 


9 


5927489E-03 
"1.611 705105 


+ 
ae 


О, 


4.16743 15c- 03 
0663422 


–З. 


Ny 


1-1670 
4.6565 


1.02435 965-0 


Cor 


-1.8251 0196-4 


0 
0 


7.92138316 04 


3450803275505 


0 
0 
D 


3.64511 28550 


oo 


-3,6881905E 75 


O 


9.0483727E-U 


0 
0 
2 


1 ١1530 7 12 )0 


00 


۷٣6ھ‏ و 


OOM 


0 ٰ9 3997ء3 


0 
0 
1 


9.1059431627 


OON 


l.7374949E-9 


SON 


7.85645 38t -0 


(0000 


-1.5037418£ 71 


OOs 


152803 715-03 


0 
0 
2 


8 . 460980 5£ -0 


DONDOONNOONN onion oo qoo M oc ES 


о 


сә | 
| us 
Wo 


T.I170206 
-1,250403 


19 
U f 
Ol 
mm 
On 
ىم‎ + 
cx O 
om 
pa Pa 
eo 
N 0 
| 0 


BON OTT 1 00 ۱۹ں ۲ں ۱0۱۹۳۶ ں م یہ نں ن مہ می۱(‎ ۵ (+۴٦ Fer aa 


OO 


O |I 


NAO AND JNO NLO m7) 
tD ES O | O O о | 
ا للا‎ st y us ١ ١ tu 
Y Ы 7مد‎ LL) má uu UJ cy 
(n بس‎ yr ماص‎ Y y “4-0 
Os nS NUN Ou oo (О 
om Pa Pa Run هف دم‎ YO 
ر ہما‎ 107 ~ D fu e UCM 
O O RD mua N ا‎ 
OO Th m ړم سم‎ Y 0 
ә? 0 mo = 0 D e 
no N + څې هو‎ әәә eu 
ə po — 1 -4 0 Tt 
NOO JNO taO AAO AAO 
I+ | o” Ol о 
UU WUW ١ ١ ru J | 
OO ما۳‎ ‘Diu ww — LU 
«O O PIN O +t N ~ oD 
tN -O 216 sy rw INAN 
ی‎ ٣ or t+ ميم )ص‎ 
مہم‎ ٦ یپے‎ nn tm ي‎ 
tf — 0 CN يب‎ cor- ANO 
uy Pa CT) ہے‎ mun ~r Ara 
وه‎ o مهم‎ T و‎ e C2 
IN لك" هب‎ . è e f IN o 
١ ١ ١ ١ هب زح‎ o 1 مم‎ 
mOO NND M~O FHO .£- 
D+ ON Ol о | to 
| للا‎ ١ ١ tus | للا‎ ЫЈ | 
LIS لال‎ us 2ه‎ uj رل لم‎ 
ND یہ ++ لواآمد‎ ٦ UY Q“ 
Q” а| که شا يم كنا فر‎ JP 
noO hs UN t+ rn “Of 
DN mr مہ ۳م‎ ON 
O ta وت‎ NS ہم ری‎ nan 
may لوه ج ہہ‎ م٣۹‎ 723 
Uu - Ny "9 NM e Mo em 
. 0 . è ond end (ҹә 
уд) — O5 | سم‎ | pet 
90 
© 
= 
ہہ‎ NJNO00ND00$$400M90990O4-D0OF!NOO0ONMm 
"ДИ ١ nə O 1 tis 
C730 ^ | للا‎ lus tU ! MIU uJ | 
e e (UV ٠ہ‎ О 1) ul O "mu 
€ — fun uo SO پے‎ UN 
meo» NO ¡AND MO N pe 
m O0 هم‎ + n.o ne aon 
Ow O OT يم سم‎ mt “O 
mca on DP رم‎ E 
O o O e :О T) e ә”) 
. 9 әј qo e e — CO e 
vən Cam - | ١ يم‎ Mog | ms 
۹ 0 
O © = 
89م‎ 
ن مه‎ ١ | O f | | 
)لہ‎ P VILL ١ لل نبا لد‎ 
Out ЈЈЫЈ Na wo UOS 
سخ ہے ىمسم‎ Po t+ Y رہ‎ Om 
-- ہمہ هه داش دہ‎ 00 
نہ‎ ۶ 7 — y ид Oa مال‎ 
=O Nm No ہی ہے‎ am 
o o لم من رم‎ oo Fe ې‎ T © oT 
O Om 8 ^~ ہہ ی رم‎ om eJ ~4 
ہے‎ Rus + e $ Mo هوه‎ 
© O e. ee m en ee — — 
o Pod وي حم‎ | “О ہے‎ t 1 
o هم‎ 
ond ~ 
A 


(| 
UU 
Tem 
O О 
DN 
pa Po 
O ۹ 
sl Q" 
con 
o è 
مخ فم‎ 
١ ١ 


oo 


um e 
۱ ١ 
ЈЈ ОЈ 
a 
(NO 
ہی ہے‎ 


رد ں م۹٦۱۱‏ ںی ں 1 بی بپ یہ یہت 


oo 


١ ١ 
"UO 


079112396 
=L- 0772 


= P^ 


S 


~1.7340942E-4 
2.4505510€- 01 


a 


134 


Al 


ESTIMATI DATA 


۴ OOO 000. 000 000 m OOO OOO ODO OOS bb OOO OC OO © 
O 

۱ 1 نا 

للا لل л‏ 

in O ә 

O о‏ وت 

. بھ (م ې 

D O‏ ی 

^ ۳ 33 

٩۹ (3 °3 

ə C3 ES 

UM ۰ ۰ 

| — A 

3 یہ‎ 900 02000 0900 DOD OO £ OCO OOS 000 000 009 OQ 

m O = 

۱ ۱ ۱ 

للا LU‏ له 

uN O 2 

c O 0 

KB 3 C 

^d د‎ = 

O o‏ لہ 

- a O 

o O о 

ә 0 0 

ہے ہے uN‏ 


N OOO 0 000 008 09047 000 Geo O90 OEM 00929 000 000 O 
EJ O m O 
١ ۱ I ١ 
117 تنا‎ LU ЫЈ 
ہے‎ O 0 O 
Ch O O o 
ہم‎ O O O 
o x O O 
r- o e O 
ہم‎ CH CH O 
"0 о (2 о 
ә . e e 
C red ہے‎ E 
NN همه وه د عون هت د هه میرد خو خم‎ da Cosa ca cce | 
o 0 25955 ۶٦۹ CH (^ 

u 1 1141441 ۱ T ۱ 
fu ЫЈЫЈЫЈЫЈ ЈЈОЈЫАЈ (LU ЫЈ تنا‎ 

PUN ب ن‎ CP: Fe Ch OH Fa o 2 о 

“FO AR AED یآ کی‎ 0 O О. 

N O DTR-ODO y 7 O O 

00 e OY d t- DN O O O 

oy "Y D ADO e O O 

(163473 2” 2 5 22 UC Dn o ‘> 1 

Po be DD 3 MN O O O‏ فم و 

ə 9 ə‏ 9 هو © © هم م e e‏ حم 

bun NON ANNE — — — 

000000 000 220 05-0 0 0 00505 0 0 509 وه وهو هن 5025-9 55 255 2ح ات مه شخ هه هی هم مه ته هه لح وم لم يم كا ع E‏ ہی ںہ 
١١ 22١ | ١۱ дә о c3‏ | | 

U FUND | ليا !| | لئنالة! !| لك.‎ ١ ١ ١ 

MUD OwO y DuugJu 2 لنا‎ dä Ul 

— DNOMONNA OM— o o o 

Pe r ررم‎ (ҸО Әһ ә O = о 

UT فص‎ Dre O ONIN چم‎ о о о 

Pe COF ms TD ӱл Fe O 0 о 

ONO Y (Ҹ000) Мә ҸО О о о о 

FY yura يه‎ OT م ړم ړم‎ 0800 6 O © о 

semi e eh ef ee $e E O O 

DO ef=— ep ef — o e! e. ۰ 

=ҹ La 


[SIL po MN TOO OV OO OM 


1535 


ھم 


ESTIMATO DATA 


EILE: 


OO 000 000 COM 
о 
۱ 
للا‎ 
e 
D 
O 
(3 
e 
O 
O 
. 
ہے‎ 
OO OOO CEOS OOO 
Ə 
۱ 
لل‎ 
O 
O 
ә 
D 
“> 
о 
7 
. 
— 


752 OOO OOO ODO 


55000952 05 0 ا 


C369 (CO 600002 


0 -ع00 00 00 0 . 1 


OOD OOD 
OAO OLF 
4++  +I1uu) 
"00 WOI 


OO OOD 
з ОС) О ОСӘ 


0٨22‏ 0502 ممه 
OO)‏ 0“ 
27:02“ 042“ 
Ota CQ. +.‏ 
әОО‏ © هو هو 
© © 


DOO OOS 
Qoc + + ١ 
+++ uuu) 
wuwu OQO 


Oo Qe 
Ça QOQON 
mo 2 
HAM 000 
4190 090 
19353175 e 

65720 ؟ وه 
١‏ هقی 


ono 
DON 
++ 
ذا ١(ا؛ لٹا‎ 
2 
ərə 
on” 
NODO 
ROO 
PRO 
ooo 
© © ¢ 
non 


000000 +0 
09. 9002000 E*U 
Ue 03009 U Ug +00 


” 
kd e 


00 


0505-2096 5 وو 
542505505 5520 
100 ++ ين + + ( ( 
WGO UJ‏ 
0-2 د هتن 60 جح وج ہہ 
رہ و PID OELSE D]‏ 
SI DO DIDO JD‏ 
OCO IN `‏ 
QUXDOOOOOJOOJ OC8:30000O00 D0 0000000")‏ 
ده د ٩٥د‏ داد د T RADO 27-١١‏ ن ANGO‏ 
هه هته مام ن ما ب 00n0 900-300 R*RRODUMADO‏ 
اك واوا الى ات ee € «1D * € € CHIP B= DO NO CD O Pe Pra‏ 9 
رج د نه غه ٣٢‏ ان تل للا تب 2a‏ 2.60 900000002 41900« 
د یہ یہ م 30 مم وج سیر دب نا | 
3 3 2 2 وو 2ه 2 2 يم یم ٨م‏ م مه 3ه 
OI O ODEIO DEN 7 DODO‏ 


2990909000990400 00000 010000 eee 
نت تن نت‎ O90 3 نا د)ت د ان نت(‎ O 3696363. 200090 
هه + + و‎ + | + + 005 I ۱ ۱ i I ۱ 
ELIAS LULU 
05” 00500059 00050685 ی هو ددعه ن‌ مه وه‎ 


2539000099 7223096000595 03595301 272€) '2O Q9 
صصص صو رمم ده ور مسرم ومو سر نه دي سر ته ده ہذہہ‎ О 0 8-1 صماحم‎ 
$ 0002000 О О" О-с0 20 (ҸӘ 22 О О "О مج ته و مب مہ‎ 


RO O ə یهن ما‎ O m 0 20: IMD OMA کی ی ضا‎ ГУ О: 

990320000 -MmmM0 ۷۲۶۹ی ی ۲ ن ہی طاضص یی‎ О О 9" ٨١ 

e ١ ب | وه ه و ډه و‎ HA DONT OCF TOD OFT * 0004 

"OYOLOYO şo 9 9 9 9 9 90.0 9099 * 9 9? 9$ 9 

ن 06-2 ود ںی بی ت و بت 000200 | ١‏ 
OO‏ 


136 


LIST OF REFERENCES 


Reichert, R.T., Homing_ Performance Comparison of Selected 
Airframe Configurations Using Skid-to-Turn and Bank-to-Turn 
Steering Policies NASA CR-3420, May 1981. 


Riebel, F.w., Bank-to-Turn Control Techologu Survey for Homing 
Missiles, NASA CR-3325 , September 1980. 


Arrow, A, An Analysis of Aerodynamic Requirements for 
Coordinated Bank-to-Turn Autopilots, NASA CR-3644, November 
1982. 





Graves, E.B., Aerodynamic Characteristics of a Monoplanar Missile 
Concept with Bodies of Circular and Elliptical Cross Sections, 
NASA TM-74079, December 1977. 


Ogata, K., Modern Control Engineering, Prentice-Hall Inc., 1970. 





Franklin, GF. and Powell, JD. Digital Control of Dynamic 
systems, Addison-Wesley Publishing Company, 1981. 


Karadimas, C., Design and Analysis of Discrete Lateral Autopilots for 
BIT Missiles, MS. Thesis, Naval Postgraduate School, Monterey, 
California, December 1965. 


Gordon, V.C., Utilization of Numerical Optimization Techniques in the 
Design_of Robust Multi-Input Multi-Output Control Sustems, Ph.D. 
Thesis, Naval Postgraduate School, Monterey, California, September 
1984. 





137 


INITIAL DISTRIBUTION LIST 


No. Copies 
Defense Technical Information Center 2 
Cameron Station 
Alexandria, Virginia 22304-6145 


Library, Code 0142 2 
Naval Postgraduate School 
Monterey, California 93943-5100 


Department Chairman, Code 67 | 
Department of Aeronautics 

Naval Postgraduate School 

Montereu, California 95945 


Professor D.J. Collins, Code 67Co 2 
Department of Aeronautics 

Naval Postgraduate School 

Monterey, California 93943 


Professor H.A. Titus, Code 67Ts 2 
Department of Electrical and Computer Engineering 

Naval Postgraduate School 

Monterey, California 93945 


Hellenic General Naval Staff 4 
2nd Branch, Education Department 

Stratopedon Papagou 

Athens, GREECE 


LT Karaiskos, loannis H.N 4 
Pelopos 1, Koridallos 18121 
Piraeus, GREECE 


LT Karadimas, Christos H.N | 


Kolokotroni 156 
Piraeus GREECE 


138 


LT Karadimitris, Antonios H.N 
201 Glenwood Circle *"35À 
Monterey, California 93945 


LCDR Protonotarios, Nicolaos H.N 


641 Belden *1 
Monterey, California 93940 


139 
































- - x 7 = 
- ® 4 
“ 35 e Md 
4 S Ы = 0 - E 
- - . 
= SE D 
2 - 7 - = 3 
5 = . - 
- -” 4 P = 2 5 2 
- - 5 
”* - - - d 2 m 
- p - - 5 ۰ D 
- D 
- yd E o ل نيا‎ ۳ = 3 E - رک‎ 5 z R 
== = =" 3 > 
5 ı 1 Rə 3 5 m 3 - ص‎ 2 : дә s 
KN ند‎ - | 5 - .. - = 8 5 : = 1 
2 a کی‎ “ - r = - 
Ы - و $ - " 2 - ہے‎ E Ké P= 
- a - - зә 
- 5 .. 5—— E - " ” - z ил - - 
er . - 5 D - E E - Ы - ٠ - - و‎ zd = 
ins = - * به‎ » - - - - = = == - 
- 3 P 
- EJ 3 1 8 en A = ” = 1 = > s d 8 
5 - E D - = E D 5 
= P e m – M Kë - “5 - “ 
Ы - = 5 - Ы O P^ 
= = b E a eh Ld - - = “ 
- Ld 5 - = bi - = E E iz 2 D = и,. 5 9 x R 
- - E 2 = = 2 “ - e - a 5 m 8 - - - " e - A 
- - o ə ا ت‎ - - - - 
- - = 55 EN - P ۸ - 
ت2‎ - 8 e -- Ae | E 1 9 5 = 8 5 - 83 ae 8 5 7 2 - 5 P > 
نه هات‎ - ә = يی‎ = zai . . 
D لے‎ - a 3 
“o = = SÉ 3 * - “ Kë E z د ود‎ = < ~ = “ . - pes 3 ә z ہے‎ 01 - T 
- - - - ə qe . 5 م‎ D D a 
٠ m ہی‎ - 5 e 5 - - - - 
E "r. = - . bəl We Ын 5 D 7 5 pi 9 سی‎ - ۰ - 
8 = r - 5 5 D . 
= . پچ ~ جرد کی‎ > P D > s - m E E^ 
e , a سک"‎ = ə 2 سر لس . په‎ - . r - - - 
- - ہے‎ 35 = - . EC 5 = E : = pe 8 - - 7 5 
x = “ ٢ E - 9 e - О - 9 2 E 
Š - - - 4 m m a = E = D - 9 E e = 
vk, 5 - - - ə , = = د‎ - 5 5 5: ed = 
> په ه‎ 5 a 5 د‎ E - iz =e - - P D e o > 4 = “* - 
> e - ec - = = e - - = 
- D 7 5 = Bé - = Pé = 5 - 
PS - 5 "په په‎ * E + - = 8 R ә тз m - 
> D “= Ne 8 E bi 7 Ы Ы E = 3 = 3 E E 
. - پچ‎ a - D - . م و‎ = 1 A 1 - E R m 7 
m» a > a E ” ~ نے‎ ә - 2 ə ... » rə = 2 P E LIE ida: o - ə E P 
> مم‎ 7 ə > 8 S ~ 3 م‎ E " 8 "تت‎ - . - = 3 R 5 - = = ټم‎ . E اع‎ ONT peg 
سم‎ d = = . / D 35 - uic. .. - سپ‎ - e = E 
چپ‎ > - e - سے‎ 
о TI E ә ی‎ B m = د‎ Mom "e zi = P - م ےت‎ pe - УД - ás e - 5 
- -= - E SEN 5 I p a » H . - r سېا‎ e > 8 2 E - B rz 
Es -— ېی ے‎ ۹ - =. 5 = - - ” “a - ~ - 7 Ы - ” - e be D ” ې‎ e ^ - ^ E P = = ә“ سے ے۔‎ - - 
E K as = ہم‎ ^ - E 
o . - 5 = E 6 Р e Pa w- € 1 5 5 5 GES 8 m : = > ә = 
== AAA نے - سسص-‎ wie = = n Ki =e E ə x: iz y z = E E = = = "P اس‎ LE e ا‎ iyə 
تو سیا ېب‎ = 5 = " 5 = - 5 - - ۳ e و یب سا و‎ ua ہے میں‎ "X m E 
— nn. fa y - ہب‎ = e 5 = - = 2 É 2 
e 5 سب‎ c^ CH 5 ET EE - ~ LE R - ٠ - " - - e D سه‎ = = A — lə ... hd - مه‎ 5 
c= اح‎ À Panos A ERE : ١ : 1 ики ; 15. ə. “un 
o —= س رن‎ 6 - Ze 0 : e À r pues 5 A =. TT» 
3 - EN s - - . ك2‎ © - Фә 3 see r e " г " = T ss e T یب‎ - - E 
١ — ж > - Da? B 5 ar - >.” - D 
им === СО په لت 5 په‎ aee Tm ә 0 . - e: - ze mom Ы á res E ə ə اب > . سدم - = سے ےہ ے۔ “۔‎ 
0 = سس‎ Ss iz m oD - Ы si Sa وت‎ : Y é 7 de t x 28 ә 9 7 سب‎ hi = zü a - سے ہی‎ дә. Ee 2 
— - - - - ہب‎ - - .. d - E - i 
: —= م‎ = o ee A 3 7 M "s 55 . مم مہ‎ e "lur vt d : —— нә = 5 
= cds E E ~ S ١ = ә " ҹ zi e ә ےت‎ - =. 
( co = - nl e bel ۳ bəl 5-9 he ۴ -ه - . - = - بب‎ > kg n 
LO ën mm wf ند‎ ind wie ə ” ” H - a ٠ - PES e P “ra e 5 p E e m 5 > e? — ما‎ ə - - 
— a "E E = id 2 = ٦ " - e D - - 0 E 5 = = E E PIX د‎ a P " m 
٠ - - ٭ یمم‎ = ki ә e - 5 D سويب‎ = = 
o (O — oxda De o. A x S "ET 5 z 5 8 SE ə 2 бе. 7 CAS me کے ہ ك0‎ 
سسسس‎ 9-7 ә - - 7 > EN - ” ” CR م لاعن‎ ” E 9 » - ид дл 
— — ———— Pu 5 ۔ہ‎ ” hi ٠ RSR - = 
— ”"z——— > FE) D سوب سر‎ - 2 E - D ید ۔‎ . P4 - - 5 وعد‎ ” p m Eg : zi -— 550 ې‎ id 
ہ۔ ے 0 2 س‎ E - 2 " .”. əx شيد په‎ . - gent - سر لا‎ . ~ D "m 
a ل‎ O ~ - M = ə A - ^ P E “ə 2 9 : R s 5 = At ہے‎ E Wa D Se? = 2 - 
3 E £ D " ۹ ~~ a P 
بل‎ TT 2 5 په‎ = 3 - ir 5 x بو‎ : - D 5 " 3 - 1 а Ы q = ہے‎ i سر بر و بر سوا سب‎ - - p 
D —— Oz " Ҹа e- ` we = ۰ 2 À : 7:0. | 5: تک ا‎ бәк ә иан 
2 == 7ہ‎ E - q ~~ ™ = ”. a ə ته په په‎ > ES “ Es و‎ zi 9 ae ۰ a yz 8 - Ы م‎ eet Ы ә e ә = - "P = E “o ہےیچج‎ inə سے‎ > we Ee 5 8 Se 
E ہے سن‎ 3 E — - 5 . d . = D —— a روب سے‎ 
dii" п—— O ME wa a nm ہھ و په‎ sa سار کاپ سوب‎ E يد‎ E 5 hi 5 z * 3i 4 s 3 E یں‎ = әс. iud pv to nd = Ca 5 
یک‎ ad R ..... - 1 - و = ہب‎ ә E Ld ` - ند‎ = Р سر‎ m - e a EI 7 o E 78 کے‎ LIP d e TER 
UO EH " E q. .. = qur 2 — - EY E Ы D ” 3 = e = - = R ae z = ا لماص د‎ ны — n 2 
= = E r : As Ы 02 
- == CO > M ә A Кәтә. هل‎ дин 0# лә : ۹ T 8 » 2 ATE eS REN. EE 
O — no mam D Ы - 5 د‎ | ҝун Cer е ا ہے‎ a a o - > ҹә H "s d = e ~ - - ف السام له‎ - 5 2 E = e D P Np ВЕ رات‎ - ei бә 0 2 ES 5 dad هې ټې سم ې‎ » 
”——— — سے =“ ^ للا‎ - E ü . P - e e - E >. ye سے‎ P - P سے‎ 
——епкдм-—= de) Y KEE DC E X. ML Ы = ` 7 2 3 e z س‎ > e - z eg "E lo Ади аны " özəl qa aee - 
پا غا‎ did - D D - D - a zi کی‎ - e D دم‎ - - 
= 3 ә та e “e. ہے ید‎ is وم یغ‎ E 7 5 Ы - سے ہے س س‎ 2 - e eg E - - "n = os = - M ə 
5 ` 5 E - ән E "E - = E r ” D =. 5 por - me —- 
nv === r.c 00007 — à : Ge ”. نے‎ 25: 5 1 y Ee 5 д ک2‎ - - uz ıı eg ناز‎ 2 t 
ابو مم‎ pa کک‎ - h 2 8 ہے‎ o 8 35 EN 5 Pd ا جد 2 =“ = ات‎ * bəl e ı 5 ېو‎ £^ > А a = hoz: ” - D ” ә ат PTT. m 2 ә E Se? b ca ta 
oS NY =) id 5 pets Nn 5 سارہ ہہ‎ be حر پر د دسا یی‎ ə m , : o> a se. و‎ €“ " Iz mə E - € 5 = م‎ “ə a جا دد‎ SE enis o a مسب‎ 
LO — —Ó , 5 2٦٦ z 4 = 2 " 7 A CH - ET P > v 5 PP ua - P" 
b = ^ LINE EL سوب ووا‎ 35 ” nes ٠ = = » r 5 سے یپ‎ r e = ورب‎ = TR + 25 oo . ço .. a af, ECH اسا وو ته‎ 
CN — ҸҸ e = 5 5 D - y “a a e ex و سه‎ ^ a - x 2 ne к e we? به الصا مهد کم بس ہے‎ 
«+ س‎ O D p - په‎ aş m “ə bi 0 ssa pas 5 o vi T. " = ” P n 7 E ә = o eet с. Ди = = سر بس هم پس سا‎ Е IZ PDT P p A 
= se -* - - 2 Ы = Ls as a 2 - de те" Ы .. D E 
مهم‎ (mm » N 2 o په په‎ « ® 2 am = A | ro & ə سے خت دسو‎ ==" 4 BS Ge 
— ki = = 2 b” - 5 . e es be دب سه با - - ^ 1 – رچ . = په - -- ~ په دک‎ s د‎ a e e m6 m س‎ > D - -- m "ITE ... 9-8 A Leg: 0٠ ا‎ ane 4 ӧмә ә Ыбн - 
(D TL 5 wc» € ٭ ٭‎ - 68 = иҹ̧" E = ə 35 2 - اک‎ ^ 5 T - يه‎ ` tr ” ۰ . “e . > ” a - m. " > e <© .= = p a pen Ge EX ۱ 3 2 > on Om P - 
ميد‎ tA E" - DA e نے‎ e E ry a ә иә D Ml © ابر‎ e D WE 5 7 - -——— e À مه هش سا‎ ing 
- ٠ s A = a .- ə = Ze * - “a 2 = نے‎ ” Ы e o =° -- P a 8 ايڪ‎ Ja "ې 9 د‎ — GES 
2 (D PS d i de Fe حم یبد‎ WS = r سور سا‎ ^ ә ل3 ستب ٢ه بخ‎ ii 4 ^» E] ҹ ә ا‎ д = s = TAR - E “ . e - ہے‎ a. ss "ə 7 L = вә D " ہے ہم‎ ron e 5 LM P و سه مرحد‎ sə E x D 
Q AS “le sı 7 هه په پ‎ P - -- Ҹи. = iex m- - - 2 "a عام د 8 — فو‎ be? س سا‎ v.p dno = әв po - “a م‎ ۸ a rd e 
E m b" 8 = = 5 5 EN “ a - e 0 5 3 - می‎ . v - - - v "T. ۔۔‎ 9 = > ie? ә خو يم دن‎ pe 2 a 5 a ها نضا‎ ти ит ти дн 
اد ® په ې نا مه‎ -—' = 5 ^ "Pu eats ` رد رک‎ E 3 a , 4 . va 35 و‎ er ` ae A pa a ٠ ” "n سے‎ - - - әри, سر = سو سي‎ ти гут с. 
EA دب‎ mom ا‎ МР" E db مچ‎ 3 D ANA =. E ” ya SET ən رج ر رنڈ‎ P e e p ee "- م‎ = . > e. er : dA yətə xalla ام بب سا‎ аһ Ы Һм ди dul < سے سے‎ O 
moman - «on zəri 5 ə "ə on n ki a8 ” 4 8 5 2 "TE or £ "T 5 i SN NARA سب بب‎ e ти ти ә. - 
P - - ye. - “ سه‎ . 5 - r 2 - ke 2 = a” E SF 
E w T wn q... "e ms D ^. ra x R E - appt 27 e. p alı si mər = 
e» - к— A "enr" o 7 e = 08 5 E > 5.7 ۰ 1 as "e 5 8 , " e سھ‎ 3 P" L 7 A PT әҹә ان‎ ҝә јр Рза جا ہے‎ ag Eet T ل‎ a РН ——— س سے‎ 
- E ^ - 5 - - 29 ә - ut = = LA --— سا - مس سېا‎ 
= ee ben 5 ۷9م ہے‎ PI q... GK AA Ae e * S ~ iz ^ e 8 چا‎ z ER ۹ . ^ A 5 0 y" £ Pe 2 9 mem ae ә 2 P PIT نے جر سے ہے سے‎ ess "n مه‎ TTT et Durum سب‎ ül... ون بے‎ 
5 7 2 = =) Ca “ə əə ara Las. ə 5 ~- 22 = 8 Ҹ e رب‎ “ 5 8 a - ٠4 * ` 7 ود ہے و‎ o s. : ene Ld 5 ”” T nəə oe P m e Ao. EE Ld ә 
سب‎ - - - E - d 
DECK Ach td PLE "s حو‎ ә ә A» e. . پا‎ mee 3 ELEM 5 E ja وم‎ » - "ə A سپ سو‎ e pP E ما‎ 255255 A E es ge ә 
m سے‎ = ə 3 Mc - - اص‎ 8 әд. E - E ۳ 5 5 ” ep - “ə ҹ id ٠ rs 
- بث‎ a 3 P - 0.0. دمه په اه په په‎ * `~ ^ 5 s . E = 5 2 E دو‎ p E - S 27 1 = - 5 . ә d .. “ art pp سب‎ A ee PIE I ur E e cl 3 ə ea 
ə bo» ۳ و ہر ری اا‎ * uc e. wr "€ mb - "e H E ۴ 7 5 t ٢ » d a اس‎ ә e^ 7070 ۷و‎ e. Li : x = a p ..." و توو اوو چا‎ pou Lade cao os ا ہاو‎ ак еә IT 0 о Дин ۶ے وھ می خر میں‎ 
Poles DOE Ke س‎ d We a ə — ٣ یه‎ = 5 5 mm "ër -4 E * ند‎ E- ts 31 e 7 = 5 بپ‎ ə F 1 6 z p s - 4 - ea rə a ې‎ ^9 pF - "7 M oppuph I ura f موي غور‎ m m ə M a Sieg a 
p PL A E Qu. Be" 5 وه ورن په‎ Para... Ы - ~ - * E - x = 2 D . 7 رف ےہ . په سا‎ e ٣٣ ۰ 5 SC EE PE په‎ EE حے ہے ہر ہے‎ e ин ٹا‎ geg at E 0 
“ аг ۹ `. Kë » وی‎ p.» E - a a = = 3 E r e D ba se 5 
WK bd و‎ E : ара اود د په‎ a و‎ ә" иә Ы bi Ал رنڈ‎ ai : 5 5 5 شو‎ S z ” ليا‎ e e o - e г - -—. € O O Md dub Ди PR ad su.” — - ul - - pP SE SEO - 
= ... D - سپ‎ dër: = eq oe om rw WW Y we O ^ta E 2 : 8 7 a 5 1 a Ld 7 ٩ 4 ob p» o7 a9 us wre م‎ > y "I P اليا كن‎ e ا‎ ——— AS em mm m pa E 
emm ə ٠ .. o _— вн - - Laf جس وا‎ 5 5 x -— هم‎ ~ E" D P ə e p n پا يه پو کې‎ ә әда old وې ې ټس وچ کا‎ ee m om pmo e g یب د‎ dia و‎ A S ni 
حم مدے ےہ پہسہے‎ 9 A a 5 ه او .بپ په‎ E = = z : == e > ды sa fora, o = wéi 0 0 E et Sə ind سو په‎ E D z i utilis 5 
۹ یت‎ de Ge? P 2 b + D 3 = * = 7 “ É ل ل لمم 9 » = , تیج‎ E کم ل‎ Lem wm wf ET be ә. 
“a. وم‎ ии = 8 - get = :- حسف‎ mn Ын = 5 D R 2 E: 2 R LI e vg [4d = 5 یپ‎ " e ow L4 rd . Les. = CEF re r r e el Tee EE ham ےس‎ 5 ——. 
ə بب‎ Si MT اظ ےہ ہے‎ ot ad > “ Ы ا پوس نر می‎ pL - ya مم‎ 2 oe gm encarou MS E Kg AE 
— نه 0 د‎ ил - Ы شه‎ m wv 2 > a -- » LES - هه‎ a LII . —. suz... 5 » . kl os Ed df Ad d Aw e f 3 e - gx 3 one « TP P pe o a 8 2 A SE 157. PIO SAA A ə 
“ = Va TE bh b silii = . مه‎ ҹ ҹа 16. 5 kal ہے ہم‎ - e. = به‎ p P D — 
= - ə ~ e. y ид. Ы Pd - ... .. О = * 3 D ” = -- سا‎ mm, 5 Ce Aan, ggf ërem ` ef mg P zwë 
pr ہہ‎ de = كه ه .مويه عمج‎ a, رڈ یت دہ‎ "M 5 ٦ هم‎ | La : pa ” vv. E a سر يی‎ — “ ” * ә, H ” " dd r , e e e . a zə ۶ Sie D a do e ҝәл dg "D SC e ары | “ad eS یس سے ار‎ andı هباب یہ‎ ифа کو کو‎ e» qua dm am ot وس ا کے پر‎ ә: 
Aa ا يم لدي يه إن‎ “ҹә” ә = O ad рда ۳ س‎ aa رو 3 : 0۳ د‎ 2 E a کب وه‎ - ak e e » PP "n 0 Y ee = : 3 x i ۵ e NASA A AAA faga? AAA Is 
əə oe ondaa = وب‎ ын id ہک‎ ^ A a. EE و‎ Large نے ند20 . - = 0 وب‎ " 7 D ] وو 6ل‎ o pneri c ılə ASADAS Рә ә Киа анырды SE 
pa A ep a m ae rf و‎ PP يه سنج‎ - © ind unya s WR ki وک‎ 3 Ы ды = Le РА سے‎ = - x - s^» v ca əd - Por, 3 — on Po ҹ 5 5 ور‎ 
pi ےہ سر و‎ n" .د‎ e ™ “in a pa لپ‎ = -- LI = ” 1ہ = : 3 - و‎ 07 ` -* x н 5 ənbər کر پر کس سر سر سا‎ - 
ün . ан, ے۔ و‎ - ə ayə pi pb EE q ama y Y ә e a. - - - ا‎ t e x - a 2ص‎ 5 1 Xi ے‎ 7 E e d pen « di «y». d ۔ے‎ ر٣‎ EE TE E – ды ËTT dd alto mo ےس‎ di d 3 5 سی‎ 
ہینید رج‎ A duran میں‎ 7 -—— = Di ١ p ۰ ی اوا‎ 26 ин- a ` ^ A : m R. سا رم‎ ə کے ھا اہ سن‎ Ada ış Mə A "010١ | e ado uiid — 
ور سا‎ - ir tua سمه‎ pa .. وه موی مه ې وهن ده‎ s EN E 3 دد‎ = 3 ^ = ٠ M - e » y ӧл e ” ә,” w ҝә Арды a PA a که غړ ہر ای ہے‎ әз ҹа" әд" Ҝәди лә әд ا‎ dh ен h 3 < RA 
وص ہ۔ چل ہں ........ لبا و‎ 9 a B . Ы b . d * e - L = 3 3 g 28 جي با‎ AAA di lg ath tel dt 
۹9۹6ی ز× ۵ہ جم بر ہیں‎ bd ¡hp фә e аи ЕА Ҹи mt O د د سر - ته‎ Ы ید‎ ٨ v ۲ 2" 0 $ de ao Sind ص‎ .. : cheeks D^ 2", سرس جم صي يم‎ 7 PME" ای ا تا‎ A lan no weg 
.q ت‎ e 3 3 PE Ai De کت‎ lh, -» سخ ون سب “ ولسو هم سر‎ - 7 : a سا میسو یا‎ et dia o... e - 4 - لم‎ ə sg wie den - 4 
۳٣٣ يوز په‎ m ہے‎ aa E 4 ГУ. ta ۸ = = 3 e B s 5 E » D — سر سه‎ as ” mt ۔ سں ہے سی سس‎ y Do ا‎ 
OC ege Aire ٭‎ — DA дә. 2 ان‎ 2 c ENA Nu پته په په‎ had a a ITA ^. b ۰ * ٠ € 5 Р. Ki 0 ل با وص‎ E A me F A oF eS e fx аҹ a AAA Ad iz " 6 pS PT D 
AA ra у تد پو وه مپخیوه هه و سا مار پس ې ٭ حہ ے٭یہے>‎ "a Бетти. - و 9 9 9 ~` = مہ رند د‎ » 5 E t e LT" - 3 e "e I P --4 "LL - A TO A Oe Le AR cn e ہے سا‎ x GAN a ie 
bi na” > o = E 0 = e m 3 2 = - ٩ d . Ы Ld Рә, مووخښتطو رس خو به خی صا‎ We a 
opt AUS Ape "iind چب‎ əv Кои a —— së a PN جہ ےہ ہہ موہ‎ ee ee te db a A ۔‎ a M һә E : 9 5 » A əf 5 M séi ... oy " “5 e eg ә 2 mi وسو نه‎ SE "T mis Pr. ës PPP pan بو‎ a ee ووو دای‎ mete سي‎ ә ma 
و‎ 9 R D 5 ٩ rS = - -- - » L e y -- DW œ . 2 Ы ә P - - - ۰ ۔‎ E ә = -- - - سب‎ 
- v a pepe. wna 0, — ә ہد‎ A a = eae Jade. ğ 5 Х - ۰ که وه‎ E 5 D 0 4 p e 2 ig Бә ۱ و‎ =r 1 ҝә ” s sor» pa ја “ 7 y E e E se À 22 os ” S 2 e ” > eg bəd PI EE q .. —— - 
سو جب‎ ieee ore wee Se د‎ dus E ae ay = E = 55 сә و‎ : - ۴ A ic 2 ә” pero 2». pm i سو ا رر لضا‎ D PA ET EE وو‎ > v ados 
A Ip - پیج‎ a» “e ew 2 b - p^ - “ “ - - Dy هرر د سو‎ H 2 سد‎ a e » R se ue e ə — $ e Aa په لس‎ hg جا اتويت‎ atm man Pn 
سي ٭وسیو ے‎ id = ам 5. la wma met? -— eA ۰ ~ > x ۳ Ok .Ç. و سي‎ 8 m . m Tita سی‎ — 58 or wiel Е پل‎ - 8 SS əl ә o دو‎ p" t PIE за e e € o "LEE Ed سم تی سے‎ rod gure ia pur T مت و‎ 
pa ә ә NT - نے کی‎ -- o É mio La The ra ve 7... D? ” ہے‎ E S - P. D P - "m " E ди "P 5 p = 3 8 SEP : 7 “= ад 
lp w— A هود سي سے‎ : = = mn A ® و‎ a ts = ду. 5 2ك« > ~ ء سے ہے یہہ‎ a Ki * * v E e سا‎ os E 0 E 5 D ھ4‎ i Se 7 әбәр وو‎ ei سیف > ہے ٭موے راو ساسا‎ Y ریب چوائیے‎ 
WK Se Kin, Ame atas D دہ شه په مه ې‎ a Me PUT m, e دک سد‎ әт e y ال‎ [S w = E 5 v 2 , 8 e > 5 EE Se 5 . 5 - cu P ə V Рә. e. ور فو‎ —” —” ^ D m م‎ e un pup A e PRA ee ae 
ак ан ar اک‎ AA A E رھ ےا ا‎ "iv A 1 Ми د د‎ , ٩ : : 5 22 "t. r 5 4 اود‎ Fe mn ېي‎ r - = e. ese = P p Pe nique r m AS belədi 
as - - 8 3 E =% لا‎ = = ә w ۸ ” 5 D - 2 = 5 2 سے ہے = اب‎ - 
aa سه هه وي اس‎ a” иә GEERT a په ي په په‎ r e EN "X سر‎ ` = nid m d bd R$. L RA, as wA 5 - a = - b əs R Ld ар f дә 9 B Ls pe هم‎ "m. E a =" د‎ P - O E سے ہے ری تد‎ eg يس هټس‎ geg РУ A ae ME ist td — 
مور سو ره‎ AA Me, مو چس صا عا ے۔۔مہرسےہ د<وہ چد ہے و په‎ ۳ vd سوب‎ ep wë يه‎ y y WW e هلا‎ o sü” € d pe Ы e uu A " = 0 7 ә 7 E ә : er -—.” É ...Q.. . -- ais d اھا‎ e SAO E A ته د دس کر‎ Et Adem Pr AA A ca ad ase oom pcs 
- ۔‎ x 1 L E = e. z : - - " oe P = 1-0 SÉ a манг 4 . 
ipii EE E ج‎ 0 mA ms وب وروپ‎ ve اچ جوا ون : و‎ «o a e E Lus دو د سه‎ 7 a "ә ” 5 ] 1 Me zə ə 1 p дини 1 ? عو‎ Lë E E ә 2 ади. m ә WW 8 pe ses ДӘ Pu d وتي‎ ied ای و ا‎ NEE ل‎ pia 
e. ta hs o q m - =" = Ld - ` کک سے ہے‎ 85 LR. په رږ‎ i Ae Ki D 2 E - - 9 5 لب‎ er ad e» ص۴‎ q ۳۔ ٭‎ M - ә "-* bp sn dud AAA ضی‎ ə... wl E 
ميم‎ nd مه په سل كك و‎ Bd SÉ EUN “ə 5 8 P E P 7 = s 5 ” e ہے تم راس‎ E lee ا ا ا‎ — pon 
A ii m. ux ada di لف‎ SE په‎ we aN" PE موو‎ —јһһжһҝ—дһи—мажһ رر پد‎ D Mun 8 - 8 , سل سو ۴۸ ې‎ R .. дун ^ " d E e : -— ss 3 E a Ыл “1555 AA O tes E O Oe DPE E LD al sae دوو‎ 5 
پوه په یم‎ o Һә АД Ала ә 5—. PURA سد ےم ہے‎ E ii M مح شي‎ e ee x E bere = ې‎ K 7: A ə . Y ù E ” Ee TM hans ә 7 ۳ j 1 ə اب‎ a ә бы ا ال ا م‎ Ə Ərlə Adı sə dilədikdə Ol osas dəəə: — ә. O سا س ا‎ haləsi P 5 
اا و - ويب ل شی‎ 3 E pip di چغ‎ 2-01 a. H b + bə “a Kä E “ ہے کس‎ E F بت‎ D ہے د سیک‎ sun "T = PE PP E full NET ENEE E EEN ин гур ДИ. Sg eviniz ды a a 
په دي‎ фи x——. E a en pO A Aen Am d Ra —-. ҸҸ AUTE Dd 5.5... مد‎ T A e о) Ke =- ~ E A r 4 سا .4 و دي مون‎ a — a o m " ———— M . Sex ہے‎ 7 SCH Be Kee Гасан estagio > P دس موس‎ ә, 
md سه‎ E - دوک‎ = z R : E نذا‎ e 8 E , - . : ا‎ SR E Am mm cm 
5. кн. کچ‎ бр ады س‎ ad pare ə ME "sin an dio لد كا ^ هه‎ 5 5 = əə AR بک کاو وی‎ 2 ҝә бы سب‎ gər mo 7 de وید کا‎ —... v a سر سه‎ üsulu "ada ا اتا مت ھی بب جارس تھے ہے ا فص ہے۔خصومیہ ہے تیگ ے۔ جوم مور ھت ےم ھی ہے‎ 
ro gs چب و‎ —–— pran e, we وشت و‎ perde ido مہب‎ CL pum ә" P ... 2E — Kg H a H سل‎ r a A - gal ee ҹа 2 5 es f اخ و ب‎ - e a =. wf A سو .ای خر یو‎ a 5102 əda a a m ې اسو هر و وه‎ cio cmi nd ua." m 
KS 1 Sa 3 0 6 q " d 3 - > = es 2 + 2 E D a 8 - : 9 ni 
"bu ll. ¡CS RD iyi O روي هه وو وسو .— په‎ = md T و‎ a = ech KW ә ag . = A په‎ 3 e M ٣ AS وو وسو‎ KV oU mE eS رو‎ Ы "P2 ص‎ erg Cs IT LW xw ebe e aer - ve d au qur P Bom ھی‎ A A O am وص‎ AS 
a Sach МР 1 рарду کیہ می‎ 4 AI PA hu oee E 9 ہش‎ » 4 7 A 0 e Ж = R Ы. > بد لد یا‎ e E : ur لے اما ورای‎ A E E TE rie A O ums 
: 2 ٩ n 8 3 p e = 8 J ۰ d ” - “ - ۰ y T əz gr سی‎ a A a pa. E 7 e de 
poe OE at معط ہی واف حه‎ bb TN а-ы a پوه‎ 27 “ə = e Eé pal " uo A غه‎ ҹ à ۸ PEL. vs E» 8 8 S pu SAEC EY ru qe z^ one e 5 ipsis » — A ees p A A ai A eg 
e CS penes poa we is 7 AA qe کون کې یا‎ = : ae 3 Бәк qu ۰ w A 5 9 ə A PA ARAS дән Ди EE ET dae ciel مو‎ 
ә ә, شو ني _ و سہ ید ہیی سڈ‎ pala ar r TODS DD eme. ری وي‎ rS S he * o" =" ل‎ M yA 7 8 Lat ANN 7 ہی‎ | 2 d 2 së 7 x — dədə کو‎ ub ظ۶‎ ə ры 7 pana Pl ad en ad chia o a mr dos AA AAA AA سم پوت‎ Дин ری‎ ыы 9 
hdi? PART Taro Ы фу SADO > ICA هت‎ c EE اه ده د‎ ٢ هدم‎ 7 - — E a -—: خم ہر رہ‎ ea га ды سب ېر یښ 4 سال سس د .- -. یي‎ = e? E 
m ra an s » p^ R ә фир sizi x : e y 5 2 " ^ E لك‎ r ag 4 x | 5 : ٢ a s ız IA A a - LUE вы 
et mm əd - A ا‎ EN "مه په بي په په په‎ с" "ии ҝдән يسور‎ en weg no Po e Ae ۰ 3 اتک‎ Kë AJ | ^ E ۹ Ta , g # . ې وی‎ ad Ы ی‎ ow mg .. “er . وړ نوی‎ "e 6 “ow A aed pene A O " sé 
واي ا ې‎ E geg دج ودي‎ pesi - NOS eli uere d X سے‎ nad 7 = ә - ۰ س سا‎ oor “əbə ara 2 AS 4 - وا د‎ Treen OF OOF Lar a «e ہد"‎ "E PI E "P "P NÉE KE gg Pue 
pra t : 5 1 Pn ды ә = m 7 ? "e و“‎ 5 E : ro 6 > ә 2 7 *; Ы di aient ضر سی‎ ann bd سا‎ al 2.2... 
laf EC ir Mer Neb a ge, Ra > o O d eme EC A UI 00... 5 باب چس نوا‎ ^ el - һә d 1 D | ”- . 2 ^" — Е P ^ LET, die? *- e BE RE A EA CN ٢ وا یا ال‎ we d RA A سه ده دې چا‎ "idik 
m. , 2 "T - uu LI - D P E aA e ای‎ e لس - پر ہو‎ = гл "ә" sn 2 . - 4 R 
ا ا کی سا‎ A و و‎ — Ы ҸУТ. һәдә ke? A A e NNI S په ي م پک‎ » M x Aun 7 » d $t کل‎ i E “ziz 9 Pa ee 8 P ve d e "9 ” e dö € ۰ * ə e 2 یی یج‎ mi e ۰ T PP n E Md pane 
سس ۔۔'‎ pape وو سين‎ ијә SYS s - 4 9- eu a ədd ول‎ E PL Е - w^ - = x M - 3 A rbd ... ran аул PPP A دي‎ UR A سو‎ /0 001 
ин ан pS E drop T ` ARA A = E СД وس » ... و ^ وہ سد‎ y e 3 مه‎ e e 5 ووک لك ررك‎ Dodi © Һә ә ÓN Mia io هوم نطب‎ "nı 
a" A LE hd Bad 5 5 EN “ “e m2 D A " ” 5 حر ی8‎ m , - ہے سو سب سا سے‎ me ”.. Lad aged > o dinde ¿CADA کې وه اش ې سي‎ 
— ra дә RA^ ن‎ nt A - = aA 20 A 520 7 پل‎ owt kA d Aa WI ےا یب اح ون د من تا‎ = b D “- a E D = = ral سا رجہ‎ cd ee gë ” ee ee ONG әти" AAA ہے‎ E E 
٩ ANDA 8 a PS Do ني هو‎ ar - >” “ov. - D E a e t = 4 y - ^w» y G da » 22.44 سف‎ 2.5. əl یوی ا رہ ویو ووی وی فصا وو‎ aa ar, 
e ا‎ aria ia ا‎ * o war Se H EP Lis : 5 = * ə D 3 | 2۲۳ eos و سک‎ u >. Рин AAA A ә. uu $ 
LS R سو‎ BET سی‎ d = 20? 2. م‎ E وہ‎ 2 CT. Pa = 5 : 8 M 2 q ә an ag det SP m p рг d pd 
ә edi P Ara o SÉ PES ад A SS ad وہ ےە- یی‎ ды we مہیں‎ ba Ka KW B ù os ېی‎ Un ba £ ww “ — = تع‎ a Ы ته سب‎ ” a سي ا‎ A AAA E daa ag AAA 3 ّ E = 
4 ا یم سوسوم‎ ke, A - cti ap PA ې‎ À wx را‎ seg KG Tut, Geh, = pare ۷ 2 es — SÉ ae ARs ə a.” = د نل‎ 04 PALA eo. من‎ Ly "TIS n , دم چو‎ ep Bag € ge dr e Te 7 "n me E EE UP epo ue o si deg رسب‎ = TE سو مت‎ T ووی‎ ager وم ې‎ D d 
əə piel gebr ME s AS i d AR buy ıdı eae Ара 5 7 » ^ 7 - و چو‎ ore Cs ا‎ DIGA E o En, 
m 2 q : * ҹ 5 e 7 m" € 4 “q E - =. - E E - € اه‎ o : E = R 0 R 
pats pv Ерм ад -. dg MEHR e Һу. um" gg ə ə €” PEL bd > t ٤ 4# مو دو جد‎ = да ^ E : "d E 9 5 Ји н w رایت‎ 7 — * x a ée? »# م م‎ 4 ә vr rə əki qiie əd adla e eo MP V auo ma ni) m çu em s e we ue prm df bt Poe - = A سب سو س‎ Мә 
üzü 5 A дән q am” əə... دوسا 1 کچ‎ ә" = id - - ... == “ 54 = 8 g - - D Lab "T dl "EL OTE TELE rT gy ۔-‎ 5 3 
dap دا حا‎ d 3 тәг 11 ды А >. p تا ے‎ » 8 =" bal 5 يش مس وو و‎ ии ә می — می‎ 
e nae o Ki ә gr wa cruas er em tap, ^S ^V pet t OM ët ا‎ dead kä es فا‎ e sp “b m”. d x T و يي‎ ba x چس ہیں وس‎ A AR IRAN AAA ch ی‎ a srs Бај ..—. ao heed Fê wo — 
مکی ودي‎ 5 E يي‎ dd dpi e é ا چ س بح سه‎ m OD ben L ee غه‎ ke رع‎ ba و‎ J d I = & dü = = ه٥‎ fə "” م‎ - LI MT Ll a: re Pan p atm v وی سے 0 سے اد‎ eg ^ H Ы 7 = 7 
һән, ви سک د‎ a o چ دا په ې ہے یا ےر‎ y + ۳ “ə ə, ٩ .. ZT = ” ۰ 2 = 2 : E ə = Mü 7 Ed ٤ r P A A AA an amp ap rnm 
يبب تم حي اح ارے‎ H e E, a i E 77.2 qu Oq يل ا وا‎ aede! ريو‎ te تھے‎ di 2 ә “a Y ə یه" هو پوه به د‎ DN پ‎ “ j ә” ` Ы 2 کے‎ : e E дәри “јар. ә ады ИЛ Кафка موي س س دس نسشن‎ A سهب مه‎ иә дә ub. ai ii ij DT th, ggf 
e are e سے‎ = s NY das پنوس جو‎ Re: ege ER ا‎ e w^ * رر په ي په‎ e 0 ә لہا‎ D a mw B KÉN ۱ iə 7 " m ə dila 2 ES ” Li ref LA, ec .. E b. ” rəs ده‎ $ gə "€ r РС "TI. ے ۔۔” چوجڑھ‌ی_ ص -× جو یپ ×ص و میں‎ ٢ AE کر رہ‎ dada eed ومان سی و‎ € qua ria 
uu y E pe dba diei : = : P ES иҹә ٠ s^ € AA هبر‎ ۰ LI ke و‎ - = 3 ” o .. ^w Ët “ = ELI POTETE ... E "a مو ص‎ O TN وھ‎ : 8 : : 
oir e E da il RE q ur ió ләк حا جن به جب می کہ جد روویکف:‎ SE ھچ‎ : "Ы و ۶ء حہ ےہ وےہ یم وہ‎ nd Lə سیا‎ wo ds һд e bl wt Pd 0... » نس‎ sen. nr A e ل‎ İLİ əza КУР ZZ mək y» = ед Px وه هرو تاس يد سه 7 پیر ےس اد‎ ^" .. sa ə وي‎ ҹа ... — و وو سي‎ ee ee 
Ow A rt н ۲ " REES heb | 5 dës, e 7 : 9 R . 8 р =e = ۳ AE وي وم‎ ۹ AAA EA E سو سو‎ 
وم ہل سا‎ A جک‎ ә Ады عون‎ ан ملو‎ ihn AS id نہ‎ ams ot e 75 ech S مھ‎ d المي کک‎ CLIC سے وو‎ H : də. ə EN Јӧ Һаку ə E E then PURA x gö” o b [ella ais puta » 
ویدیو‎ =" gog VW OTE “q dti ҹә əə ə r r bilək په م ټی 2 ےہ یي په ي يي پدي.‎ 9 DR Aw Ze سب‎ NE سد‎ ٦ = we дә + ہے‎ 2 Уд aw em = /Кә ә =-6 4"? A © E IA ا‎ PA کل‎ ын SÉ مر‎ 
WË EE fe Vogt PS ل‎ dif (ech ger 4 Ê sëch کم‎ Ça. E و‎ b و روج جره‎ > + “Ws EP X a | 2 vv d ҹ p bd Uhu (REI سر‎ Y Kun... با ا يي 1 الي‎ CLA سر = و‎ Pro a ә әт bad ووم‎ O Da dei did AAA Es бә جع میں‎ ii 
vn طط‎ dabo Ww edet bébé Mega E Kë لم‎ cee 9 DW TK Le ил. ba HK EC mn. وسلد‎ ey ao d 2 [LAE I > دو ته په یدو یک‎ və” x.” هس‎ r لف‎ A روم ہے ریز‎ (d 9^9 * g aw .. Po aro لحن حفص‎ Lar ےس‎ d gei ИРИ Ди 5772 дл итди. ————... 
əsirdi PS o ata ج بے‎ per ^ egw KEE dip did رټ وني تی یر .اد رہ‎ A E ۸ A دو‎ a = уз سر‎ det ə ә fər A Er uo. TA EUA Һи sa». : > | e 
aum 9 "d E U, di > $ = ` 2. 7 : 5 4 5 * 3 = = یپ‎ hd ye TEE E E ag a = ess 
- pie d La 0. UT هچ د پروږي  خي‎ Sorts ә ee مہ ممہمے ۵ اب مه‎ A Je eh, رر تک‎ o ili) "e wm په‎ D o 3 L] 2 iyə LI m ə... a ې‎ Ы or on ALT M E r ə € ھ‎ f a ۹ an? WT E i ӘРИ قۇ‎ erregt der eg Һи s fron vy MP agi mnt an gas aio ےا کس ہے‎ 5 qo qon m nm ie 
TT ٩ : ۹ = 0 y q > d = EW q “ə - و‎ va = 5 : R R 3 يا‎ CN d A ve ә سیسسریے‎ 
ми. ә" Ты Ы" وب‎ Y ns AA It Ҹу фи "T Ah P dn wë په د يسور هو" حم‎ = . 4 ër dë fəl E, дән 7 kb e in” ۷ p ٤س‎ E " P يا‎ A reo & errs 2 ^ 1 + 2 a ə HZ ды .... AID اب د‎ LIE uh Asi al deci ret 
pr ди әһди, Һрт D d iin دح و‎ 3 3 D e bn سه سا‎ as وه د و‎ ۱ mu = é د‎ € hé $ gp» ... Cs PR AE A صا ار‎ ДИЛ. ди Por or... e — . ҹ 
هپوم‎ ac ar os dd 2...) M ٩ Py ` 5 3 LP V 7 4 er! P "m R ә سب‎ lin زی‎ јар A al ggf 
ا‎ eg he NK cate tap səddi = = ид == 4 Ҹи" خد لو‎ “ə PX E P / ہریت‎ M .. m... - кә 2 ۴ و جصھ ہے‎ ٠ > ۰ EP a E 1 ep Ə... ھ٣‎ ۶ "T di a er pes WE oe e 
(RTR Ta be n MET a - «Urt 1 WM ke? ٠ ١ 8 - E DEE 0: R ` DEE TZ OR ET TTT a دی‎ ди КР TTT Ep ةي يبي ای اا‎ ٣٢ di GT 
ити, تہج‎ "ҹи", mI A oo = “4 PNE Edi "T s uh رس‎ M ə €” ə م"‎ u a 7 دسا‎ ۰ 1241. . += EE TE De -f@ vee gə ö € ” E JJ ٥0 ۹ نل ري نوا‎ e o лл. a ds رر ڈگ‎ d ДУР, ә LI mg ای‎ do میں ہے‎ H9 R 7 
ҝет" TUS ke, Se EWECH REN ET A? a“. E - c 3 : ته چا‎ 5 e : d ә” - 7 ” و دو خر روو ا ا‎ ә ии کس وړالو دی ام وا‎ A a ah hd 
gon ET WEE wee MAA 7 x » pr Lh je ay m o o DC 3 ƏL a وم هه ہد'۔‎ bi A 4 AT LA "fr - 2 ٥ du و مم‎ ec - e ..... "ESI ECL 22 E I pro > o dE ua a 
atm ide ә وکل مو «مدي. يږ‎ en" ld] MN ۳ xi 3 Əə А É ۹ E — کے‎ A^ M $ EN » yty - 5 P - d view A سیه ال سو اا‎ rw AAA de تھا ای‎ des 
) ہس سے‎ orn ur m sq ہیں‎ As چ‎ Ел »ېه ووي يو‎ ee ee ee, دک رں‎ H Һс a يها‎ Е Ae ww E H om E D p OET A — £a v os ۰ PUT E AA مو‎ 0 P é so 3 
P ? «a der or a] d : * “07... PAUL dedii dh سد‎ Гә, e ene ae = "p əə 
mer x dps < fe 5 ریت سیو د‎ At : E : ® LOA و‎ Gye awh “q. 1 - D DV ee مہ سر‎ as r H ses : Ma LP . ә a 5 : مہم یھی‎ we 
pe tO Oe tT adit مد بیدا‎ et? ga TEY WO" ¢ ا ند‎ es اك‎ A ae ə. ҺА ه وت - یک‎ È R مه وه‎ 5 5 DTN a | ee ٢ Pom hv v O — سرو‎ e d ess د‎ A d EE aa at ai Shay Bd BET چک ال‎ AIRES A ed من مار وي‎ 
2s pon dt ET یہو‎ ae te موا اب‎ 1 ye Khe eee و‎ rep Ba edited A سے ہہ‎ ә لطاب‎ AA 4 dei ٩ es Oe x Ore R —. 5 wm 5 : ES سرب‎ ^ - dada xə: يا‎ EA ә 2 “öv b Core Puer eap e A pepe .کا د‎ 
A 4 MITAD û aaa لخ ص وا جك‎ as - “а Pom e ge = 4 « 5 2 a 9 i . € z CTAA ET سض زی پر‎ E ني یچو‎ odii a ә. d 
08ھ ود‎ 8 2-1 əbəd drin Pn 4 : d EN S : 1 3 5 r 8 " 92 8 8 = e ` Ы * “rms a و کس سا ا‎ 
ساب لج مي مې‎ Ae © © : "di ar د‎ əb. ln o e Ы t m D ” 1200 7 roe 2 vg E - وت تي‎ so . په‎ - 30 e «eto F9 rà Fw Pun بیج‎ Ми ру ии نز‎ P Ea ETH 8 ف‎ 
و چس ا تھچ‎ mw əəən وه ه0 ي موو‎ “av M e P E % ہے , 7 روه‎ ii په م دو د و حسم وک نړ وني وب دو وار مه وړ وي ړا مر ا ا‎ apeupn ی ی یر وہ‎ pep la 
a ف زاو ا‎ b : ۔۸روو وس مه ودپکړل مه روپ د‎ cdi Th Crh Ds sie só Jor با‎ e وی‎ " r 5 RI әәә ae P ea ələl بس‎ ASADA 2 2 O O > R 
لد ىا ممم‎ pd ҸК ویر دک‎ We با لاه اچ پچ وف‎ PE BT eo: = m T 7 5 ET ا ہے‎ y дә” » 5 7 E ود و‎ 7 ۳ e P. 2 ^ н - لے ےک لتم‎ PW uisa an 
په‎ : AER ey wrest 4 - pre T | وجب ہے‎ a 2 2 E wv دك‎ D Ni ... ra d ل هس‎ WT Eo oisi diio ai v Cow ^r do 
ya yu” AENA یق د دول‎ di Site ج‎ d É 7 - 4 B TT رول‎ d ió PRA اسا اح‎ e 
gery ert +v a ә E 1 EN ew نو "مت مې ینای امه په وه , سه سپ نه‎ so y% e ET LN Lad “ LA A r4 . " i DR d Gs یں‎ ım ə PEE EE oad TT E E e 8 e 
Lett کے کے‎ pn. نج ہی جج ووو وټ ا سمهي‎ Wu cube tee ې غو د 4 د‎ 1 4 Н a" EU -— w Tus. s رر د‎ AN rl e NAAA a اا سا‎ SN A id وا‎ 
E beet geht Eh A SNA gece rts sole pathy Paty o لک وک جوا‎ II د مو سو‎ + e e E دو — 3 د‎ v ” "xl بہت‎ .. ere ENTREE I rarı A OTEREN, yağar o ə PAS کی سا اف‎ o 
WË y " ^ Le برسي ېه‎ td US ا اچد اا‎ ۴ a ə " Sto ٠ 3 : 5 : d > бы 1 ə NEE e وه دي وي ووي ې ا‎ E ی‎ geng вт ts 
mayin aya ça AA yar SE E ريدن‎ ty 7 P P b E pos Ə "ə وس سو په‎ A i ^ Fee 2 ^ 1 иә As : 3 ә ينا ا‎ 2 t. E Ae A ad sənli ددد بو پل‎ dini e ایک کے ایس‎ trás 
AA ههپ پ‎ pad e 8 Y 1 q.” . بب‎ 5 y Mo 8 اف سای‎ is بات‎ C > Se هښ سوب‎ e wer اليه‎ E A ARAS 1 = ЫЫ مې‎ ht 
= A od - RA id Ei ٩٠ : 5 = də : v > ا‎ ye AS KM E ری یی‎ ad da abest nd یر ورای یی کر کی ہے ہی یسو ۔‎ 
Pd — krus are سم یی لم‎ An TX m - "> € a و به‎ ə Ké Se E d > X 2 s ^ $ 5 d * 4 T E . P 4 ya ینا‎ ы ... ي س ی سي رخ‎ E d yə A ATTE TES a pr ا دا ا کر ےب‎ Рид pu o abad, 
Ww. Ы 2 e - 4 HIV? : =" ka i او‎ z “ s... D кы Ы e A r a * نجیر ار سس دج رج روج رر ودل ص‎ 5 e drm on I E 0 ۰ 9 
yas te wt idilio” + q iam f - ١ ¿alga dé A di تپ‎ qu ډي ودد و ما رزو‎ UI کی ایس‎ 
a بب په په سیف‎ AA AN GE RR په‎ wë ӧмә iv E ووم مه‎ A "Nm ж 0 F الاو‎ 3 3 A ə 2 IO EE RISA A a 44 eet E gek ped A AO ا‎ O nnn و‎ pas 
7 - - 0 - P E , J ] 
= ew y ӧл. RU ae y d Ke ~ سب : = وف‎ na as پل‎ SN “Piyir D E H n t سن ده‎ E a A Le oo JIRA Рди. әтти رامسم نوی ام‎ dad ADA NEE 
= د د‎ iv á 4 pP» nə. WW с Zi ди. ән ge e A = O ID ا بای ی ی‎ eta ا‎ A E Aa A A EN کے سے ا‎ 
E wa 5 P س‎ Tal Фә Ј - Pu? ЕДИР. a پس مر دوت ېم د يږ يد‎ So. X La [XT EN ٣ں ع سر جح رہ رو کے‎ ил. خی تس هې‎ MC o dis гн PAE ل‎ GD E A Par 
LJ M D " " ke ٧ 7 ad P 
"T e # ٢۳ c ME ۰٠ E POPE ən. EC FECIT DE a i aa dire des ee e ا‎ peer dm e alle 
"m en o wo Qi و‎ PEPI ETE a d uu ل‎ PO TA se Cé په‎ Ls PS pr € A TE de ا وي يله‎ A es e sro tas de 
= ei E - 2 
خی‎ O o o ДИ Гу. ERAN фәри steen او‎ 
سم‎ ET TTT ad Ab nl dim ә 





mo. ^ x^ . fu 


